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Abstract

Non-invasive diagnostic assessment tools for the detection 
of liver fibrosis in patients with suspected alcohol-related 
liver disease: a systematic review and economic evaluation

M Stevenson,1* M Lloyd-Jones,1 MY Morgan2 and R Wong1

1The University of Sheffield, School of Health and Related Research (ScHARR), Sheffield, UK
2The Centre for Hepatology, University College London Medical School, London, UK

*Corresponding author

Background: Excessive alcohol consumption may lead to the development of alcohol-
related liver disease (ALD). Liver biopsy may be used in patients with suspected ALD to 
confirm the diagnosis, exclude other or additional liver pathologies, and provide accurate 
staging of the degree of liver injury in order to enable the prediction of prognosis and 
inform treatment decisions. However, as it is an invasive procedure that carries the risk of 
morbidity and mortality, current UK guidance recommends that biopsy is not required to 
confirm the diagnosis in patients with a high clinical suspicion of ALD in whom blood tests 
have excluded other causes of liver disease, unless it is necessary to confirm a diagnosis 
of acute alcoholic hepatitis in order to inform specific treatment decisions.
Objectives: To evaluate the diagnostic accuracy, cost-effectiveness, and effect on patient 
outcomes of four non-invasive tests for liver fibrosis [the Enhanced Liver Fibrosis (ELF™) 
test (Siemens Healthcare Diagnostic Inc., Tarrytown, NY, USA), FibroTest (BioPredictive, 
Paris, France), FibroMAX (BioPredictive, Paris, France) and transient elastography 
(FibroScan; produced by EchoSens, Paris, France and distributed in the UK by Artemis 
Medical Ltd, Kent, UK)] in patients suspected of having ALD.
Data sources: A systematic review was undertaken to identify studies reporting the 
diagnostic and prognostic accuracy of the ELF test, FibroTest, FibroMAX, and FibroScan 
for the identification of liver fibrosis and associated conditions in patients with suspected 
ALD. The following databases were searched in January 2010: MEDLINE (from 1950 to 
January 2010), MEDLINE In-Process & Other Non-Indexed Citations (from 1950 to January 
2010), EMBASE (from 1980 to January 2010), Cochrane Database of Systematic Reviews 
(from 1996 to January 2010), Cochrane Central Register of Controlled Trials (from 1898 to 
January 2010), Cochrane Methodology Register (from 1904 to January 2010), Database of 
Abstracts of Reviews of Effects (from 1995 to January 2010), HTA Database (from 1995 to 
January 2010), NHS Economic Evaluation Database (from 1995 to January 2010), 
Cumulative Index to Nursing and Allied Health Literature (from 1982 to January 2010), Web 
of Knowledge and Science Citation Index (from 1969 to January 2010).
Review methods: Study quality was assessed using the QUADAS (Quality Assessment of 
Diagnostic Accuracy Studies) checklist. Owing to the heterogeneity of the studies, no 
formal meta-analysis was undertaken. A de novo mathematical model was constructed to 
estimate the incremental costs and incremental quality-adjusted life-years (QALYs) 
associated with alternative strategies compared with a biopsy-all strategy. The tests are 
assessed first as a replacement for liver biopsy, and secondly as an additional test prior to 
liver biopsy. Thirty-six scenarios were assessed for each non-invasive test strategy, which 
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varied the sensitivity of biopsy, the anxiety associated with biopsy, sensitivity and 
specificity values and whether or not the biopsy was percutaneous or transjugular. For 
each scenario, threshold levels were reported where biopsying all patients was more cost-
effective than the strategy for two parameters (the decreased level of abstinence 
associated with the strategy compared with biopsying all and the level of incidental QALY 
gain associated with biopsy).
Results: No studies were identified that specifically assessed the ELF test, although a 
study was identified that evaluated the diagnostic accuracy of the European Liver Fibrosis 
Test (essentially, the ELF test with the addition of age to the algorithm) compared with 
biopsy. Three studies of FibroTest, no relevant studies of FibroMax, and six studies of 
FibroScan assessing accuracy compared with biopsy in patients with known or suspected 
alcohol-related liver disease were identified. In all studies, the number of patients with 
suspected ALD was small, meaning that the estimated sensitivities and specificities were 
not robust. No conclusive estimate of the cost per QALY of each non-invasive test could be 
provided. Scenarios exist in which each of the strategies analysed is more cost-effective 
than biopsying all patients and, in contrast, scenarios exist in which each strategy is less 
cost-effective than biopsying all patients.
Limitations: Study selection and data analysis were undertaken by one reviewer.
Conclusions: No conclusive result can be provided on the most cost-effective strategy 
until further data are available. A large number of parameters require data; however, the 
following are selected as being of most importance: (1) the sensitivity and specificity of 
each non-invasive liver test (NILT) against biopsy at validated and pre-selected cut-off 
thresholds; (2) the influence of potential confounding variables such as current drinking 
behaviour and the degree of hepatic inflammation on the performance of NILTs; and (3) the 
likelihood, and magnitude, of decreases in abstinence rates associated with a diagnosis of 
significant ALD by diagnostic modality and the incidental gains in QALYs that may be 
associated with biopsy.
Funding: The National Institute for Health Research Technology Assessment programme.
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Glossary

Alcoholic fatty liver (hepatic steatosis) Accumulation of excess fat in the liver cells as a result of 
excess alcohol consumption.

Alcoholic hepatitis An inflammatory condition involving liver damage.

Ascites Excessive accumulation of fluid in the peritoneal cavity.

Banding Use of elastic bands to tie off blood vessels.

Beta-blocker A drug used to lower blood pressure. Propranolol, one of the beta-blockers, is used 
to treat portal hypertension and so to help prevent bleeding from oesophageal varices in patients 
with cirrhosis.

Body mass index A measure of weight for height obtained by dividing a person’s weight in 
kilograms by the square of their height in metres.

Cirrhosis Advanced fibrosis.

Cohort study A study that follows groups of people with and without the condition of interest 
over time to study outcomes.

Compensated cirrhosis Cirrhosis with no associated complications.

Corticosteroids Drugs that reduce inflammation and can be used to treat severe 
alcoholic hepatitis.

Cross-sectional study A study that measures the determinants of health in a population at a 
point in time or over a short period of time; in the context of diagnostic studies, a study that 
examines the accuracy of a test by comparison with a reference standard, rather than by following 
people who have undergone the test over time to compare their health outcomes with the 
test results.

Decompensated cirrhosis Cirrhosis associated with complications such as ascites, peripheral 
oedema, jaundice, variceal bleeding, and hepatic encephalopathy.

Ethanol Pure alcohol.

Fibrosis Fibrous scar tissue.

Haematocrit The percentage of red blood cells in a blood sample.

Harmful drinking An established pattern of drinking at a level where damage to physical or 
mental health is considered likely.

Hazardous drinking An established pattern of drinking that carries a risk of physical or 
psychological harm.
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Hepatic encephalopathy Symptom complex of neuropsychiatric abnormalities observed in 
patients with acute and chronic liver disease, and mainly affecting mental and motor function.

Hepatic portal vein The vein that drains blood from the gastrointestinal tract and spleen to 
the liver.

Hepatic steatosis Accumulation of excess fat within the liver cells.

Hepatic venous pressure gradient The pressure gradient within the portal system.

Hepatocellular carcinoma Primary cancer of the liver, generally as a consequence of either viral 
hepatitis or excessive alcohol consumption.

High-Risk Alcoholism Relapse scale A scale designed to estimate the risk of alcoholism relapse 
following evaluation.

Histological Related to the microscopic structure of tissue.

Jaundice Yellow discoloration of the skin and eyes.

Kilopascal (kPa) Metric unit of pressure.

Laparoscopic Performed through small incisions in the abdomen.

Liver biopsy Removal of a small sample of liver tissue using a hollow needle for examination in 
the laboratory.

Liver fibrosis Formation of excessive fibrous scar tissue in the liver.

Maddrey score A measure of severity of alcoholic hepatitis.

Metabolic syndrome A combination of central obesity with any two of raised triglycerides, 
reduced high-density lipoprotein (HDL) cholesterol, raised blood pressure or raised fasting 
plasma glucose/previously diagnosed type 2 diabetes.

Non-alcoholic fatty liver disease Liver disease characterised by the accumulation of fat in the 
liver cells of people who do not drink alcohol excessively.

Non-alcoholic steatohepatitis A more advanced form of non-alcoholic fatty liver disease 
involving inflammation in and around the fatty liver cells. It may cause scarring of the liver and 
lead to cirrhosis.

Obese Having a body mass index ≥ 30.

Oesophageal varices Varicose veins in the lower end of the oesophagus which develop as a 
complication of cirrhosis.

p-value The probability that an observed difference could have occurred by chance 
if the null hypothesis is correct. A p-value of < 0.05 is conventionally considered to be 
statistically significant.

Percutaneous  Performed through a needle puncture of the skin.



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Stevenson et al. under the terms of a commissioning contract issued by 
the Secretary of State for Health.

ix Health Technology Assessment 2012; Vol. 16: No. 4DOI: 10.3310/hta16040

Peripheral oedema Swelling of the feet, ankles and legs.

Portal hypertension High blood pressure in the hepatic portal vein and its tributaries. It is often 
defined as a portal pressure gradient (the difference in pressure between the portal vein and the 
hepatic veins) of ≥ 5 mmHg. It may occur in people with or without chronic liver disease.

Sclerotherapy Injection of a medication into blood vessels or blood vessel malformations to 
make them shrink.

Serum The liquid component of blood (i.e. without the blood cells and clotting factors).

Severe alcoholic hepatitis Alcoholic hepatitis with symptoms severe enough to require 
hospital admission.

Shear wave An elastic wave which moves through the body of an object rather than over 
its surface.

Spontaneous bacterial peritonitis Infection of the fluid which can accumulate in the abdomen 
(ascites) in patients with severe liver disease.

Steatosis A condition characterised by the accumulation of excess fat within the liver cells.

Transjugular Via the jugular vein in the neck.

Unit of alcohol Quantity of any alcoholic drink which corresponds to approximately 10 ml (8 g) 
of ethanol.

Variceal bleeding Gastrointestinal bleeding caused by rupture of the oesophageal/
gastric varices.

Varices Varicose veins usually in the stomach and lower end of the oesophagus (gullet) which 
develop as a complication of cirrhosis.
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List of abbreviations

AAH acute alcoholic hepatitis
ALD alcohol-related liver disease
AUDIT Alcohol Use Disorders Identification Test
ASH alcoholic steatohepatitis
AUROC area under the receiver operating characteristic curve
BMI body mass index
CI confidence interval
ELF test Enhanced Liver Fibrosis test
FN false-negative
FP false-positive
HA hyaluronic acid
HCC hepatocellular cancer
HE hepatic encephalopathy
HRAR high-risk alcoholism relapse
HVPG hepatic venous pressure gradient
ICU intensive care unit
LSM liver stiffness measurement
NAFLD non-alcoholic fatty liver disease
NICE National Institute for Health and Clinical Excellence
NILT non-invasive liver test
PHt portal hypertension
PICO Population, Intervention, Comparator, Outcome
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
QALY quality-adjusted life-year
QUADAS QUality Assessment of Diagnostic Accuracy Studies
QUOROM QUality Of Reporting Of Meta-analyses
RCT randomised controlled trial
SGOT serum glutamic oxaloacetic transaminase
TIMP-1 tissue inhibitor of matrix metalloproteinase-1
TN true-negative
TP true-positive

All abbreviations that have been used in this report are listed here unless the abbreviation is well 
known (e.g. NHS), or it has been used only once, or it is a non-standard abbreviation used only 
in figures/tables/appendices, in which case the abbreviation is defined in the figure legend or in 
the notes at the end of the table.
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Executive summary

Background

Excessive alcohol consumption may lead to the development of alcohol-related liver disease 
(ALD). ALD comprises a spectrum of disease, including hepatic steatosis (alcoholic fatty liver), 
alcoholic hepatitis, alcoholic fibrosis and cirrhosis, and hepatocellular cancer. In 2008, 0.95% 
of all deaths registered in people aged ≥ 20 years in England and Wales were attributed to ALD. 
Liver biopsy may be used in patients with suspected ALD to confirm the diagnosis, exclude 
other or additional liver pathologies, and provide accurate staging of the degree of liver injury 
in order to enable the prediction of prognosis and inform treatment decisions. However, as it 
is an invasive procedure that carries the risk of morbidity and mortality, current UK guidance 
recommends that biopsy is not required to confirm the diagnosis in patients with a high clinical 
suspicion of ALD in whom blood tests have excluded other causes of liver disease, unless it 
is necessary to confirm a diagnosis of acute alcoholic hepatitis in order to inform specific 
treatment decisions.

Objectives

The objectives of this assessment are to evaluate the diagnostic accuracy, cost-effectiveness, 
and effect on patient outcomes of four non-invasive tests for liver fibrosis [the Enhanced Liver 
Fibrosis (ELF) test (Siemens Healthcare Diagnostic Inc., Tarrytown, NY, USA), FibroTest 
(BioPredictive, Paris, France), FibroMAX (BioPredictive, Paris, France) and transient 
elastography (FibroScan; produced by EchoSens, Paris, France and distributed in the UK by 
Artemis Medical Ltd, Kent, UK)] in patients suspected of having liver fibrosis related to alcohol 
consumption. The tests are assessed first as a replacement for liver biopsy, and secondly as an 
additional test prior to liver biopsy.

Methods

A systematic review was undertaken to identify studies reporting the diagnostic and prognostic 
accuracy of the ELF test, FibroTest, FibroMAX and FibroScan for the identification of liver 
fibrosis and associated conditions in patients with suspected ALD. The following databases were 
searched in January 2010: MEDLINE (from 1950 to January 2010), MEDLINE In-Process & 
Other Non-Indexed Citations (from 1950 to January 2010), EMBASE (from 1980 to January 
2010), Cochrane Database of Systematic Reviews (from 1996 to January 2010), Cochrane Central 
Register of Controlled Trials (from 1898 to January 2010), Cochrane Methodology Register (from 
1904 to January 2010), Database of Abstracts of Reviews of Effects (from 1995 to January 2010), 
HTA Database (from 1995 to January 2010), NHS Economic Evaluation Database (from 1995 to 
January 2010), Cumulative Index to Nursing and Allied Health Literature (from 1982 to January 
2010), Web of Knowledge, Science Citation Index, Conference Proceedings Citation Index, and 
BIOSIS Previews (from 1969 to January 2010). Research registers and conference proceedings 
were also searched. Study quality was assessed using the QUADAS (QUality Assessment of 
Diagnostic Accuracy Studies) checklist.

A mathematical model was constructed to estimate the incremental costs and incremental 
quality-adjusted life-years (QALYs) associated with the introduction of alternative strategies 
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compared with a biopsy-all strategy. Owing to the wide uncertainty in the data to populate key 
variables, 36 scenarios were assessed that varied the sensitivity of biopsy, the anxiety associated 
with biopsy, different values for the sensitivity and specificity for each non-invasive tests, and 
whether a percutaneous or transjugular biopsy was required. For each of these scenarios, nine 
strategies were evaluated, which were divided into triage strategies (where a positive test was 
confirmed by biopsy) and replacement strategies (where no confirmatory biopsy was provided). 
For each scenario and strategy, two threshold levels were reported where biopsying all patients 
was more cost-effective than the strategy: the decreased level of abstinence associated with the 
strategy compared with biopsying all and the level of QALY gain that would be required for 
a biopsy.

Results

Summary of clinical results
Diagnostic accuracy of the Enhanced Liver Fibrosis Test
No studies were identified that specifically assessed the ELF test. One study evaluated the 
diagnostic accuracy of the European Liver Fibrosis Test (essentially, the ELF test with the 
addition of age to the algorithm) compared with liver biopsy in patients with chronic liver 
disease, only 64 of whom had ALD; a follow-up study in 85 patients with ALD assessed its ability 
to predict long-term survival and relevant clinical events. This limited evidence suggests that, 
using a threshold score of 0.431, the European Liver Fibrosis Test can differentiate between 
moderate/severe fibrosis and milder/no fibrosis in patients with ALD with a sensitivity of 93% 
and a specificity of 100%; it is less good at identifying cirrhosis. It appears to have some predictive 
value in relation to both liver-related clinical outcomes and all-cause mortality. However, because 
the results rest on data from so few patients, evidence for the diagnostic and prognostic accuracy 
of the test is not robust.

Diagnostic accuracy of FibroTest
Five studies of FibroTest were identified. Two evaluated diagnostic test accuracy compared with 
liver biopsy in patients with known or suspected ALD. A further three recruited patients with 
liver disease of mixed aetiology, including ALD: the first assessed FibroTest’s ability to identify 
portal hypertension (PHt) and also compared it with liver biopsy, the second assessed its ability 
to predict the presence of oesophageal varices, and the third assessed its predictive value in 
relation to survival at 2 and 6 months in patients with severe cirrhosis. Results from the largest 
study, which was also the most representative of the spectrum of patients with suspected ALD, 
suggest that, in such patients, using a threshold score of 0.30, FibroTest can differentiate between 
moderate/severe fibrosis and milder/no fibrosis with a sensitivity of 84% and specificity of 66%, 
while using a threshold score of 0.70, it can distinguish cirrhosis with a sensitivity of 91% and 
specificity of 87%. Very small studies suggest that, using a threshold score of 0.58, FibroTest can 
distinguish between patients with and without clinically significant PHt with a sensitivity of 93% 
and specificity of 87%, while, using a threshold score of 0.85, it can distinguish between those 
with and without grade 2 oesophageal varices with a sensitivity of 89% and specificity of 50%. 
However, the results relating to PHt and oesophageal varices are not robust because the studies 
were very small, and the conditions of interest were over-represented. FibroTest appears to 
predict survival with relatively low accuracy.

Diagnostic accuracy of FibroMAX
No relevant studies of FibroMAX were identified.
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Diagnostic accuracy of FibroScan
Six studies were identified that assessed the diagnostic test accuracy of FibroScan relative to 
liver biopsy in patients with known or suspected ALD. A further three studies recruited patients 
with liver disease of mixed aetiology, including ALD. One assessed the ability of FibroScan to 
predict the presence of large oesophageal varices in patients with cirrhosis, whereas the other two 
assessed its ability to predict clinically significant PHt. The study with the most representative 
population suggests that, using threshold scores of 5.9, 7.8, 11.0 and 19.5 kPa, respectively, 
FibroScan can differentiate between patients with and without fibrosis with a sensitivity of 83% 
and a specificity of 86%, and can identify moderate/severe fibrosis with a sensitivity of 80% and a 
specificity of 90.5%, severe fibrosis with a sensitivity of 87% and specificity of 80.5%, and cirrhosis 
with a sensitivity of 86% and specificity of 84%. However, again, these results are not robust 
because the study was relatively small and the conditions of interest were over-represented. 
FibroScan appears to be able to distinguish between patients with and without PHt, and with less 
success between patients with and without large oesophageal varices. There are no long-term data 
relating FibroScan results to survival or other clinical outcomes.

Adverse effects and contraindications
The non-invasive tests included in this review appear to be safe. The adverse events associated 
with the ELF test, FibroTest, and FibroMAX are those associated with diagnostic venepuncture 
generally: primarily pain and bruising, with occasional vasovagal reactions and very rarely 
potentially disabling nerve injuries. There is no evidence to indicate that FibroScan is specifically 
associated with any adverse effects. By contrast, liver biopsy is associated with a high level of 
morbidity and occasional mortality.

No contraindications have been specified for the ELF test. The contraindications specified for 
FibroTest, FibroMAX, and FibroScan all relate to the mode of operation of the test, and do not 
relate to any potential for harm in patients with the relevant characteristics, although they will 
restrict their practical utility. The most important of these limitations is the restriction on the use 
of FibroScan in obese patients.

Summary of cost-effectiveness and benefits versus risks

It was concluded that no robust estimate could be provided regarding the incremental costs, 
incremental QALYs and, therefore, the cost per QALY of a strategy. Scenarios exist in which 
each of the strategies analysed is more cost-effective than biopsying all patients and, in contrast, 
scenarios exist in which each strategy is less cost-effective than biopsying all patients. No 
conclusive result can be provided on the most cost-effective strategy until further data are 
available; however, there is evidence that some strategies, such as using clinical experience or 
diagnosing all patients with cirrhosis, will not be the most cost-effective.

Conclusions

Implications for service provision
Owing to the lack of a conclusion regarding the cost-effectiveness of the strategies, it is 
anticipated that there would be no change in service provision.

Suggested research priorities
A large number of parameters require data; however, the following are selected as being of 
most importance:



xvi Executive summary

 ■ the sensitivity and specificity of liver biopsy against a gold-standard of post-mortem 
evaluation of fibrosis

 ■ the sensitivity and specificity of each non-invasive liver test (NILT) against a gold standard of 
post-mortem evaluation of fibrosis (or failing this biopsy at validated and pre-selected cut-off 
thresholds for the various degrees of liver damage)

 ■ the influence of potential confounding variables such as current drinking behaviour and the 
degree of hepatic inflammation on the performance of NILTs

 ■ differential information on the percentage of alcohol misusers who will develop alcohol-
related cirrhosis over time, by age at onset, gender and ethnic origin

 ■ the likelihood, and magnitude, of decreases in abstinence rates associated with a diagnosis of 
significant ALD by diagnostic modality

 ■ the incidental gains in QALYs that may be associated with biopsy, because of the 
determination of non-ALD-related aetiologies.
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Chapter 1  

Background

Description of health problem

Alcohol-related liver disease (ALD) is the term used to describe changes within the liver that 
develop as a result of excess alcohol consumption. Included within this spectrum are hepatic 
steatosis (alcoholic fatty liver), alcoholic hepatitis, alcoholic cirrhosis, and hepatocellular cancer 
(HCC).1–3 Although patients with cirrhosis may remain free of major complications for several 
years, once such complications develop survival is usually short.4

In 2008, 4764 deaths registered in England and Wales were attributed to ALD.5

Aetiology, pathology and prognosis
Aetiology
Alcohol-related liver disease is caused by the consumption of substantial quantities of alcohol. 
In the UK, alcoholic drinks are measured in units corresponding to approximately 10 ml (8 g) 
of ethanol.6 Previously, the minimum alcohol intake associated with significant liver damage 
was thought to be around 20 units a day for 5 years and the likelihood of light to moderate 
drinkers developing cirrhosis was considered very remote.7 More recently, it has been suggested 
that all people whose daily alcohol consumption exceeds 80 g (10 units) will eventually develop 
steatosis; 10–35% will develop alcoholic hepatitis, and approximately 10% will develop cirrhosis.8 
However, because steatosis is usually, and hepatitis and cirrhosis sometimes, asymptomatic, many 
will be unaware that they have ALD; indeed, 30–40% of cases of cirrhosis are not discovered 
until autopsy.1

Pathology
As noted above, the term ALD covers a spectrum of illness. The majority of individuals who 
abuse alcohol will develop steatosis,9 a condition characterised by the accumulation of excess fat 
within the liver cells.10 Steatosis is usually asymptomatic, but may manifest as changes in liver 
function test results; it is reversible if alcohol consumption is stopped or significantly reduced.1 
However, approximately 20% of people with alcoholic steatosis who continue long-term alcohol 
consumption are likely to develop fibrosis and cirrhosis.2

In a minority (perhaps < 20%) of alcohol misusers, alcoholic steatosis evolves with the 
development of inflammation and cell death within the liver. This phase of injury is known as 
alcoholic hepatitis.10 The majority of patients who develop alcoholic hepatitis are asymptomatic, 
but others suffer non-specific symptoms such as nausea, vomiting, and abdominal pain, whereas 
others present with acute alcoholic hepatitis (AAH), which is characterised by abdominal pain/
discomfort, fever, a high white blood cell count, abnormalities of blood clotting, jaundice, and 
other features of liver failure.1 Patients with mild alcoholic hepatitis will recover well, with 
reversal of the liver damage, if they stop drinking. Progression to cirrhosis is more likely in 
women than in men, and in individuals of both sexes who have severe alcoholic hepatitis on 
presentation, irrespective of their future drinking behaviour.
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Repeated episodes of alcoholic hepatitis may result in the development of scar tissue known as 
fibrosis; this can be localised or diffuse, and can eventually lead to distortion of the architecture 
of the liver by broad fibrous bands and the development of regenerative nodules, which are the 
hallmark of cirrhosis. Patients with cirrhosis may be asymptomatic, and their liver function 
tests may show few if any abnormalities; such patients are described as having compensated 
disease.10,11 In a recent Danish study, 24% of patients diagnosed with alcoholic cirrhosis had no 
complications.12 Patients with cirrhosis may, however, develop a number of complications as a 
result of hepatocellular failure and the development of portal hypertension (PHt). Hepatocellular 
failure results in loss of the liver’s ability to deal with waste products (e.g. bilirubin from red 
blood cells, toxins produced in the bowel such as ammonia, and drugs) and impairment of 
its synthetic function leading to low levels of body proteins such as albumin and the factors 
responsible for blood clotting. PHt develops when the passage of blood from the intestine and the 
spleen, which is usually cleansed and detoxified in the liver, is impeded because of the presence 
of fibrosis. As a result, collateral vessels develop to bypass the liver to ensure that the blood 
gets back to the heart. These collateral vessels may develop in the stomach and oesophagus and 
may rupture when the pressure gradient within the portal system [the hepatic venous pressure 
gradient (HVPG)] exceeds 12 mmHg.13 Hepatocellular failure and PHt result in the development 
of several problems, including jaundice, ascites, variceal bleeding, and hepatic encephalopathy 
(HE).4 Patients with these complications are described as having decompensated cirrhosis. Each 
year, approximately 5–7% of patients with compensated cirrhosis will develop decompensated 
disease.4 Approximately 20% of patients with cirrhosis will go on to develop HCC; this is more 
common in men than in women and in those who have stopped drinking (Dr Marsha Morgan, 
Royal Free Hospital, London, 2010, personal communication).

Alcoholic hepatitis and cirrhosis may co-exist within the same patient: thus, it has been reported 
that 50–60% of patients diagnosed with AAH already have cirrhosis at the time of diagnosis.14

Measurement of disease
Traditionally, liver biopsy has been used to obtain histological samples from patients suspected 
of having ALD. These biopsy samples are used to confirm the diagnosis of ALD, exclude other or 
additional liver pathologies, and provide accurate staging of the degree of liver injury in order to 
enable the prediction of prognosis and inform treatment decisions.

Various semi-quantitative scoring systems have been developed to measure and categorise 
disease progression in biopsy samples. The most widely used system, the METAVIR system, has 
a grading system that scores the degree of inflammation from 0 to 4 (where 0 is no activity and 
4 is severe activity) and a staging system that categorises the degree of architectural change and 
consequent severity of the underlying liver disease15 from none (F0) to mild (F1), moderate (F2), 
severe (F3), and cirrhosis (F4). It should be noted that METAVIR, and other similar systems, 
have been described as being, at best, ordered categorical data;16 they do not represent an 
arithmetic progression, and consequently, for example, a METAVIR score of F4 does not involve 
twice as much scarring as a score of F2. For further details of the various scoring systems referred 
to in this review, see Appendix 1.

In clinical practice, various boundaries are said to be significant. These are the boundaries 
between no-to-mild fibrosis (F0–F1) and significant fibrosis (F ≥ 2),17 and between mild-to-
moderate fibrosis (F1–F2) and severe fibrosis or cirrhosis (F3–F4).18 However, the former seems 
primarily relevant in viral hepatitis, where F2 fibrosis forms the threshold for the initiation of 
interferon therapy;19 it arguably has less relevance in ALD, where the boundary between F0–F3 
and F4 appears more important as it forms the threshold for the initiation of regular screening 
for varices and HCC.
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Prognosis
Prognosis in patients with ALD is strongly linked to the degree of disease progression. In an 
early UK study, Saunders et al.20 found that 5-year survival in adults identified between 1959 
and 1976 as having alcoholic cirrhosis was only 36%; most already had decompensated cirrhosis 
at diagnosis. More recently, Jepsen et al.12 found that the median survival in Danish patients 
diagnosed between 1993 and 2005 with alcoholic cirrhosis without complications was 48 months. 
The 1-year mortality ranged from 17% in those who presented with no complications to 64% 
in those who presented with HE; the equivalent 5-year mortality figures were 58% and 85%, 
respectively. More generally, median survival times for patients diagnosed with compensated and 
decompensated cirrhosis have been estimated at over 12 years and around 2 years, respectively; 
most patients originally diagnosed with compensated cirrhosis die only after the development 
of decompensation.4

In patients with cirrhosis, the presence of superimposed alcoholic hepatitis and the development 
of hepatocellular carcinoma significantly reduced survival. Verrill et al.21 found that 30-day 
mortality in patients with cirrhosis and alcoholic hepatitis was 27%, while Orrego et al.22 found 
that the 1-year and 5-year mortality were significantly higher than in those of patients who had 
alcoholic cirrhosis alone, and Chedid et al.23 found that 65% of patients with concurrent alcoholic 
hepatitis and cirrhosis died within 4 years of diagnosis, mostly within the first year. Alcoholic 
cirrhosis substantially increases the risk of hepatocellular carcinoma,1 which, again, has a poor 
prognosis: 1-year survival after diagnosis of HCC is about 20%, 5-year survival about 5%,24 and 
approximately 15% of patients who develop alcohol-related cirrhosis will die of HCC.9

However, the outcome for patients with alcohol-related cirrhosis is substantially determined not 
only by the degree of decompensation at presentation but also by subsequent drinking behaviour. 
In 2004, Tome and Lucey25 suggested that, in people with clinically compensated cirrhosis, the 
5-year survival was about 90% in those who abstained compared with about 70% in those who 
did not, whereas in 2003 Mann et al.1 suggested that, in patients with late-stage, decompensated 
cirrhosis, the 5-year survival was 60% in those who abstained, but only 35% in those who did 
not. In a recent study, Verrill et al.21 found that patients who reported being abstinent from 
alcohol 30 days after receiving a diagnosis of alcoholic cirrhosis had a 7-year survival of 72% 
compared with 44% in those who continued to drink. A considerably older study by Saunders 
et al.20 found that 10-year survival in patients who abstained completely from alcohol was 
nearly 60% in those who presented with compensated cirrhosis and around 50% in those who 
presented with decompensated cirrhosis, compared with around 30% and < 10%, respectively, in 
those who continued drinking. It is currently estimated that a middle-aged man who presents 
with compensated cirrhosis and subsequently abstains from alcohol has a 60–80% chance of 
being alive in 10 years, whereas a similar individual who presents with, for example, variceal 
bleeding, and who survives the initial presentation but who continues to drink, is unlikely 
to survive more than a year or two (Dr Marsha Morgan, Royal Free Hospital, London, 2010, 
personal communication).

A small study by Day,26 of 96 patients with biopsy-proven ALD and a weekly alcohol intake of 
135 ± 8 units, suggests that a reduction in alcohol intake may also be beneficial. No difference 
was found between abstainers and mild/moderate drinkers in either mortality (total or liver-
related) or the development of new liver complications; however, continued heavy drinking 
(> 50 units/week for men and > 35 units/week for women) was predictive of both total and 
liver-related mortality.

Alcohol consumption also has a marked impact on prognosis in patients with milder forms of ALD. 
With abstinence, hepatic steatosis appears to be completely reversed within several weeks and 
AAH usually improves.25 Patients with hepatic steatosis who stop drinking have a near-normal 
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lifespan; future drinking behaviour is the most important determinant of outcome in this patient 
group. Their prognosis has improved over time as the treatment of their complications has 
become more successful. Moreover, as Chedid et al. have shown,23 these patients tend to die as 
a result of their alcoholism rather than their liver disease. Thus, although the 2-year survival in 
patients with alcoholic steatosis is only 70%, those who die do so as a result of other alcohol-
related events such as accidents, injuries, suicide, and homicide, not their liver disease. However, 
although some patients with alcoholic hepatitis who abstain from alcohol make a complete 
recovery, others develop cirrhosis despite abstinence.10

Although only a minority of patients with ALD abstain from alcohol following diagnosis, the 
proportion may be increasing; although only 19% of patients in a UK study who were diagnosed 
with alcoholic cirrhosis between 1959 and 1976 abstained from alcohol after hospital discharge,20 
36% of patients in a Danish study who received a hospital diagnosis of cirrhosis between 1993 
and 2005 maintained abstinence,12 and 46% of participants in a UK study who were diagnosed 
with biopsy-proven alcohol-related liver cirrhosis between 1995 and 2000 reported abstinence 
both at 30 days post diagnosis and at follow-up a mean of 3.4 years later (although some admitted 
to lapses during that period).21 However, the precise diagnosis given may influence subsequent 
drinking behaviour. Thus, Day26 studied 96 patients with biopsy-proven ALD referred to unit 
between August 1991 and August 1993: 76% had established cirrhosis or fibrosis, 23% had 
alcoholic hepatitis and 8% steatosis. At follow-up, 50% were still drinking heavily, although 
21% were completely abstinent, and 21% had mild and 8% moderate alcohol intake. The only 
predictor of continued heavy intake was the absence of cirrhosis; continued heavy drinking 
was reported in 59% of patients without, and 38% of patients with, cirrhosis (p = 0.04). By 
contrast, a study of patients receiving liver transplants for ALD found that a number of factors 
were independently associated with a significantly increased risk of resumption of harmful 
alcohol consumption after transplantation: these were pre-transplant diagnosis of an anxiety or 
depressive disorder, a pre-transplant period of abstinence < 6 months, and a total score of > 3 
on the high-risk alcoholism relapse (HRAR) scale (Table 1). Over a mean follow-up period of 
61.2 months, the overall relapse rate was 11.9%; however, it varied from 5% to 100% depending 
on the number of relevant factors (Table 2).27

It has therefore been suggested that, in patients with ALD, the degree of fibrosis may have less 
prognostic importance than other factors such as the severity of alcoholic hepatitis, severity of 

TABLE 1 High-risk alcoholism relapse (HRAR) scale.27 Reproduced with permission from De Gottardi A, Spahr L, 
Gelez P, Morard I, Mentha G, Guillaud O, et al. A simple score for predicting alcohol relapse after liver transplantation: 
results from 387 patients over 15 years. Arch Intern Med 2007;167:1183–8.

Item Score

Duration of heavy drinking, in years

≤ 11 0

11–25 1

≥ 25 2

Number of daily drinks (one drink = 12 g of ethanol)

≤ 9 0

9–17 1

≥ 17 2

Number of prior alcoholism inpatient treatments

0 0

1 1

≥ 1 2
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liver dysfunction as assessed by tools such as the Child–Pugh score, the MELD (Model for End-
Stage Liver Disease) score, or the Glasgow score and subsequent drinking behaviour.28

Epidemiology demographic factors (age, sex, ethnicity, income, and 
regional variation)

Current government guidelines state that women should drink no more than 2–3 units of alcohol 
a day, and men no more than 3–4 units; the recommended weekly limits are 14 and 21 units, 
respectively.29 However, in 2007, a health survey for England found that 31% of women and 42% 
of men in England aged ≥ 16 years reported drinking more than the government recommended 
maximum on at least 1 day in the preceding week.30,31 The figures reported to the Welsh health 
survey in 2008 were higher, at 38% of women and 52% of men.32

Hazardous drinking has been defined as an established pattern of drinking that carries a risk of 
physical or psychological harm. Harmful drinking has been defined as drinking at a level where 
damage to physical or mental health is considered likely.31 A score of 8–15 on the Alcohol Use 
Disorders Identification Test (AUDIT) is held to represent hazardous drinking, and an AUDIT 
score of ≥ 16 as harmful drinking (for the AUDIT tool, see Appendix 2).31 A total of 20.4% of 
individuals in England aged ≥ 16 years living in private households who participated in the 2007 
Adult Psychiatric Morbidity Survey reported established patterns of alcohol consumption that 
were categorised as hazardous, and a further 3.8% reported patterns categorised as harmful 
(Table 3).31 These figures are probably underestimates as they are likely to under-represent both 
alcohol-dependent individuals, who are more likely than non-alcohol-dependent individuals to 
be homeless or living in an institution, and problem drinkers living in private households, who 
may be less likely than those who are not problem drinkers to participate in surveys.31

In England, rates of hazardous or harmful drinking vary by ethnic group, being highest in white 
people and lowest in people of South Asian origin31 (Table 4). However, there is evidence both 
that alcohol problems may be increasing in the South Asian community in the UK, and that they 
may be particularly vulnerable to ALD.33,34

In England, levels of hazardous or harmful drinking vary by region. In 2007, they were lowest 
for women in the East of England (12.2%) and highest in Yorkshire and the Humber (21.1%), 
whereas they were lowest for men in the East Midlands (27.8%) and highest in the North East 
(42.4%) (Table 5).31

Data about levels of hazardous or harmful drinking are not available for Wales. Although, in 
2008, 45% of all adults in Wales reported drinking above the government-recommended sensible 
levels on at least 1 day in the preceding week,32 not all of these would necessarily have drinking 
patterns that equate to an AUDIT score of ≥ 8.

TABLE 2 Resumption of harmful drinking following liver transplant for ALD27

Number of relevant factorsa
Number resuming harmful 
alcohol consumption Rate % (95% CI) Mean time to relapse (months)

0 13/272 5 (2 to 7) 45

1 16/92 17 (10 to 25) 30

2 14/22 64 (44 to 84) 32

3 3/3 100 23

CI, confidence interval.
a Pre-transplant diagnosis of anxiety or depressive disorder, pre-transplant period of abstinence < 6 months, or total score > 3 on the 

HRAR scale.
Data in roman were taken directly from the text, data in italics were calculated by the reviewers.
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Incidence and prevalence
Alcohol-related liver disease is a major cause of death in England and Wales. In 2008, 4764 deaths 
registered in England and Wales were attributed to ALD5 – 0.95% of all deaths registered in 
people aged ≥ 20 years.

Although ALD mortality in England and Wales appears to have risen by 450% over the past 
30 years,35 this rise in registrations may be at least in part because of the under-reporting of 
alcohol-related deaths during the earlier part of that period. This may be explained by the then 

TABLE 3 Prevalence of hazardous and harmful drinking in people aged ≥ 16 years in England, 2007, by sex (from Fuller 
et al.31)

AUDIT score Men (%) Women (%) All (%)

0–7: not hazardous 66.8 84.3 75.8

8–15: hazardous, not harmful 27.4 13.8 20.4

16–40: harmful 5.8 1.9 3.8

8–40: hazardous or harmful 33.2 15.7 24.2

TABLE 4 Prevalence of hazardous and harmful drinking in people aged ≥ 16 years (age-standardised) in England, 2007, 
by ethnicity and sex (from Fuller et al.31) Copyright© 2011, re-used with the permission of The Health and Social Care 
Information Centre. All rights reserved.

AUDIT score

Ethnicity (%)

White Black South Asian Othera

Men

0–7: not hazardous 64.2 81.4 88.0 84.1

8–15: hazardous, not harmful 29.6 15.6 9.9 13.8

16–40: harmful 6.2 3.0 2.1 2.1

8–40: hazardous or harmful 35.8 18.6 12.0 15.9

Women

0–7: not hazardous 83.4 95.4 96.9 84.5

8–15: hazardous, not harmful 14.5 4.6 3.1 13.9

16–40: harmful 2.0 0 0 1.6

8–40: hazardous or harmful 16.6 4.6 3.1 15.5

a Includes Chinese and mixed ethnic groups.
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requirement for post-mortem examinations and coroners’ inquests following alcohol-related 
deaths, and the potential invalidation of life insurance (Dr Marsha Morgan, Royal Free Hospital, 
London, 2010, personal communication). It may also be due in part to the increases in obesity 
and type 2 diabetes observed during the later part of the period. In a prospective study in France, 
Raynard et al.36 found that body mass index (BMI) and fasting blood glucose were risk factors for 
histologically confirmed fibrosis in ALD, independent of age, gender, daily alcohol intake, and 
total duration of alcohol misuse, whereas, in Scotland, two prospective cohort studies found that 
raised BMI and alcohol consumption had a supra-additive effect on liver disease mortality.37 The 

TABLE 5 Prevalence of hazardous and harmful drinking in people aged 16 and over (age-standardised) in England, 
2007, by region and sex (from Fuller et al.31) Copyright© 2011, re-used with the permission of The Health and Social 
Care Information Centre. All rights reserved.

AUDIT 
score

Government Office region (%)

North East
North 
West

Yorkshire 
and the 
Humber

East 
Midlands

West 
Midlands

East of 
England London

South 
West South East

Men

0–7: not 
hazardous

57.6 61.9 59.4 72.2 67.0 65.9 70.0 68.9 71.2

8–15: 
hazardous, 
not harmful

32.2 31.7 34.4 23.8 26.2 27.9 25.6 25.5 23.4

16–40: 
harmful

10.2 6.4 6.2 4.0 6.7 6.2 4.4 5.7 5.4

8–40: 
hazardous 
or harmful

42.4 38.1 40.6 27.8 33.0 34.1 30.0 31.1 28.8

Women

0–7: not 
hazardous

79.2 80.6 78.9 82.9 84.5 87.8 86.2 85.7 87.7

8–15: 
hazardous, 
not harmful

17.0 17.1 18.4 15.0 13.5 11.5 12.5 12.7 10.4

16–40: 
harmful

3.7 2.3 2.7 2.2 2.0 0.6 1.3 1.7 1.9

8–40: 
hazardous 
or harmful

20.8 19.4 21.1 17.1 15.5 12.2 13.8 14.3 12.3
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proportion of adults in England with a BMI ≥ 30 (i.e. categorised as obese or morbidly obese) 
rose from 13% of men and 18% of women in 1993, the first year for which data are available, to 
25% and 28%, respectively, in 2008, whereas the proportions with raised waist circumference (i.e. 
> 102 cm for men and > 88 cm for women) rose from 20% of men and 26% of women in 1993 to 
34% and 44%, respectively, in 2008,38 and, between 1991 and 2006, the prevalence of diagnosed 
type 2 diabetes increased by 65% in men and by 25% in women.39

In 2008, over twice as many deaths were attributed to ALD in men than in women (Table 6).

Between 1992 and 2001, 3360 incident cases of cirrhosis in patients aged ≥ 25 years were 
reported to the UK General Practice Research Database, which contains data relating to over 13 
million patients in the UK40 (approximately 20% of the UK population). Of the reported cases, 
1287 (38.3%) were judged, on the basis of records of problem drinking in the GP notes, to be 
alcoholic cirrhosis.40 These figures suggest an annual incidence of alcoholic cirrhosis in the UK of 
approximately 25,740. During the 10 years from 1992 to 2001, the incidence of alcoholic cirrhosis 
rose by 75% in men and by 34% in women,40 and in 2000 it was claimed that around 80% of all 
cases of liver cirrhosis seen in district general hospitals in the UK could be attributed to alcohol.8

Impact of health problem
Significance for patients in terms of ill-health (burden of disease)
Alcohol-related liver disease is often asymptomatic. However, cirrhosis is associated with 
a number of complications, the more common of which include variceal bleeding, ascites, 
spontaneous bacterial peritonitis, and encephalopathy;41 these are associated with a significant 
burden of disease. Moreover, approximately 20% of patients with cirrhosis will go on to develop 
HCC (Dr Marsha Morgan, Royal Free Hospital, London, 2010, personal communication).

TABLE 6 Deaths attributed to ALD (ICD-10 code K70), 2008, by age and gender5

Age group (years)

Male Female

Number of deaths
Percentage of total 
deaths Number of deaths

Percentage of total 
deaths

All ages 3200 1.3 1564 0.6

20–24 2 0.2 5 1.1

25–29 25 1.8 10 1.7

30–34 83 4.9 36 4.2

35–39 173 6.5 85 6.0

40–44 339 9.0 172 7.2

45–49 408 7.8 217 6.4

50–54 562 8.0 252 5.2

55–59 534 5.0 256 3.6

60–64 471 2.9 225 2.0

65–69 289 1.4 143 1.1

70–74 176 0.6 105 0.5

75–79 89 0.2 41 0.1

80–84 32 0.07 10 0.02

85–89 14 0.04 7 0.01

90–94 3 0.02 0 0.0

≥ 95 0 0.0 0 0.0

ICD–10, International Classification of Diseases,10th Edition.
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Portal hypertension is a major complication of chronic liver disease. It contributes to the 
development of ascites and HE, and forms a direct cause of variceal bleeding. Clinically 
significant PHt (i.e. PHt associated with a risk of such complications) has been defined as a 
HVPG measurement above about 10 mmHg.42 Patients with clinically significant PHt should be 
offered treatment to reduce the risk of complications.42

Approximately 40% of patients with liver cirrhosis have oesophageal varices, and approximately 
one-third of these will suffer variceal bleeding within 2 years of diagnosis. Such bleeding is 
associated with a mortality rate of 20–40% per episode43 and a 1-year mortality of 57%;4 nearly 
half of the deaths occur within 6 weeks of the initial episode of bleeding.4

Over a 10-year period, approximately 50% of patients with compensated cirrhosis will develop 
ascites (excessive fluid within the peritoneal cavity).44 This is associated with a poor quality of life, 
increased risk of infections, renal failure, and poor long-term outcomes.45

Cirrhosis is also associated with HE, a condition that encompasses mental alterations ranging 
from mild (trivial lack of awareness, a shortened attention span, or euphoria or anxiety) to more 
obvious mental alterations including lethargy or apathy, occasional disorientation, personality 
change, and inappropriate behaviour, and in more severe cases to somnolence, confusion, gross 
disorientation and bizarre behaviour, and ultimately coma. Motor function is also impaired.46 
Patients who do not display any overt neurological abnormalities may nonetheless display 
subtle abnormalities of cognition and/or neurophysiological variables; this condition is termed 
minimal HE. Minimal HE appears to be associated with a reduction in health-related quality 
of life and in the ability to perform complex tasks such as driving a car.46 It has been suggested 
that approximately 35–40% of cirrhotic patients will develop overt HE at some point, whereas 
approximately 20–60% with liver disease will develop minimal HE.47

Significance for the NHS
The number of patients admitted to NHS hospitals in England with ALD has risen year on year 
from around 25,700 in 2002–3 to approximately 38,300 in 2007–8, an increase of around 49%. In 
approximately 14,300 of these patients (37%), ALD was the primary diagnosis (Table 7).48

In 2006, liver disease was responsible for approximately 1600 hospital admissions in Wales.49 No 
information was provided regarding the proportion of these admissions that could be attributed 
specifically to ALD.

TABLE 7 Alcohol-related liver disease (ICD-10 code K70): hospital admissions in England (after NHS Information Centre 
Statistics on Alcohol: England, 2009, Tables 4.3 and 4.748)

Hospital admissions related to ALD

Number of admissions, rounded to nearest hundred

2002–3 2003–4 2004–5 2005–6 2006–7 2007–8

Patients admitted with ALD 25,700 28,600 31,500 34,400 37,700 38,300

Patients admitted primarily because 
of ALD 

11,500 12,200 13,100 13,800 14,500 14,300

Alcoholic fatty liver 100 200 200 200 200 200

Alcoholic hepatitis 1100 1200 1200 1300 1400 1400

Alcoholic fibrosis and sclerosis of liver 100 100 100 100 100 100

Alcoholic cirrhosis of liver 3100 3400 3800 4200 4800 4800

Alcoholic hepatic failure 800 800 900 1000 1100 1100

Alcoholic liver disease, unspecified 6300 6500 6800 7000 7000 6700

ICD–10, International Classification of Diseases, 10th Edition..
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The number of patients admitted to adult, general critical/intensive care units (ICUs) in England 
and Wales with ALD is estimated to have increased from 550 in 1996 to 1513 in 2005, and the 
number of ICU bed-days which they occupied to have increased from around 3100 to > 10,000. 
These figures are likely to be underestimates, as they exclude admissions to specialist liver 
critical-care beds and also any ICU patients with ALD who did not have ALD recorded as a 
primary or secondary reason for admission.50

Current service provision

Diagnosis and subsequent management of disease
Diagnosis
The diagnostic pathways for suspected ALD are complex. Many people with ALD have no signs 
or symptoms of disease, the first indication of liver disease often coming from routine liver 
function tests. Others first come to medical attention when they report relatively mild symptoms 
(e.g. nausea, vomiting, abdominal discomfort, or diarrhoea). Sometimes, ALD is identified when 
people present voluntarily for detoxification, or when they require treatment for alcohol-related 
injuries or pneumonia, or alcoholic damage to organs other than the liver (e.g. the pancreas, 
heart, brain or peripheral nerves).8 Yet other patients do not present until they have advanced 
liver disease characterised by more severe symptoms, such as jaundice, ascites, encephalopathy, 
or upper gastrointestinal bleeding.8

The variability in the diagnostic pathways, caused by the varying reasons for presentation, is 
complicated by the absence of a single test that differentiates ALD from liver disease of other 
aetiologies. Rather, the patient’s history is obtained to identify risk factors (alcohol and other) 
for liver disease, and liver function tests, blood counts, and hepatitis serology are performed 
to exclude liver diseases of other aetiologies.51 Ultrasound may also be used.9 Because patients 
without clinical evidence of decompensated cirrhosis may have histologically advanced ALD 
but normal, or only mildly abnormal, liver function test results, liver biopsy may be required to 
confirm the diagnosis and the stage of the disease by assessing the degree of fibrosis.9,52

There is a lack of consensus about the role and the timing of biopsy in patients with suspected 
ALD.51 This derives in part from the absence of high-quality evidence for the accuracy of liver 
biopsy specifically in the diagnosis of ALD, together with the fact that its status as the ‘gold 
standard’ diagnostic and staging tool has been called into question for several reasons. There 
are also concerns relating to the safety of liver biopsy. For further details, see Summary of 
diagnostic tests.

Management of disease
Following a diagnosis of ALD, the aims of management are to treat the underlying cause, prevent 
disease progression, and manage complications. By far the most important management aim 
in all patients is to ensure long-term abstinence from alcohol. As noted in Aetiology, pathology 
and prognosis, a small UK study found that ≤ 50% of patients with ALD either abstained 
completely from alcohol or significantly reduced their intake following simple advice from a 
physician during their initial presentation.26 Additional pharmacological or non-pharmacological 
interventions may also be used to promote abstinence.8,52 Other aspects of management include 
lifestyle changes to reduce cigarette consumption and obesity,10 if relevant.

In patients with relatively mild alcoholic hepatitis, the focus of treatment is the achievement of 
abstinence. Corticosteroid therapy may be used to treat severe AAH,9 but there is no conclusive 
evidence that it leads to significant improvements in survival.53 As most patients with AAH have 
some degree of malnutrition, nutritional therapy may also be offered.25
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A range of therapies may be used to treat the various complications of alcoholic cirrhosis.8,52 
Complications such as fluid retention, HE, and variceal bleeding are treated symptomatically. 
Because prophylactic treatment with non-selective beta-blockers or band ligation reduces the 
risk of first bleeding in patients with medium or large varices by 50%, all patients with cirrhosis 
should be screened regularly by endoscopy for signs of PHt (particularly the presence of 
oesophageal varices), and, if necessary, offered preventative treatment against gastrointestinal 
bleeding. Current guidance recommends that all patients diagnosed with cirrhosis should be 
offered such endoscopic screening every 2 years if they have no varices and annually if they 
have small varices54 or decompensated disease with or without varices.42 Abdominal Doppler 
ultrasound may be used to screen for liver and portal abnormalities (especially HCC).11

Orthotopic liver transplantation has a place in the management of patients with decompensated 
alcohol-related cirrhosis who have failed to improve despite well-documented abstinence from 
alcohol and expert medical treatment for a period of approximately 6 months. Survival rates 
are similar to those observed in patients transplanted for non-alcoholic cirrhosis, although 
recidivism rates are still unacceptably high in some centres. Transplantation is also considered 
the optimal treatment for early HCC.55 However, the supply of donor livers is limited.8

Current service cost
The current service cost has been limited to the cost of diagnostic liver biopsy, which has 
been estimated at £894 for a percutaneous biopsy56 and £1500 for a transjugular biopsy.9 It is 
recognised that there are associated costs that have not been estimated, but that are assumed to 
be independent of the strategy employed.

No evidence has been identified regarding the number of diagnostic liver biopsies undertaken 
each year in England and Wales specifically as a consequence of suspected ALD.

Relevant national guidelines, including national service frameworks
The following relevant national guideline was issued in 2010:9

Alcohol use disorders: diagnosis and clinical management of alcohol-related 
physical complications.

The National Clinical Guideline Centre for Acute and Chronic Conditions

Variation in services and uncertainty about best practice
It became apparent, during the course of this project, that rates of referral to secondary care of 
patients with suspected ALD vary considerably in different parts of the country and that there is 
some uncertainty about best practice.

Description of technology under assessment

Summary of diagnostic tests
This review assesses four non-invasive tests for liver fibrosis: three blood tests [the Enhanced 
Liver Fibrosis (ELF) test (Siemens Healthcare Diagnostic Inc., Tarrytown, NY, USA), FibroTest 
(BioPredictive, Paris, France) and FibroMAX (BioPredictive, Paris, France)] and transient 
elastography (FibroScan; produced by EchoSens, Paris, France and distributed in the UK by 
Artemis Medical Ltd, Kent, UK). The reference standard with which they are generally compared 
is liver biopsy, but HVPG measurement and upper gastrointestinal endoscopy have also been 
considered. All these tests are discussed in turn below.
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The Enhanced Liver Fibrosis Test
The Enhanced Liver Fibrosis Test is a blood test that uses an algorithm combining three 
biomarkers [hyaluronic acid (HA), tissue inhibitor of matrix metalloproteinase-1 (TIMP-1) 
and aminoterminal propeptide of procollagen type III (PIIINP)] to assess the stage and rate 
of progression of liver fibrosis.57 The biomarkers are direct markers of extracellular matrix 
metabolism/degradation indicative of liver fibrosis. A higher concentration of the individual 
biomarkers leads to a higher ELF score and indicates a higher probability of more severe fibrosis.

The test requires a minimum of 0.3 ml of serum.58 Blood samples are collected in a clinic and 
analysed at a central laboratory.51

As alcohol affects many of the variables used in the ELF test,59,60–62 individuals should ideally be 
abstinent before the blood sample is taken.

The ELF test was CE marked in May 2007.51

Cautions and contraindications for the Enhanced Liver Fibrosis Test
No cautions and contraindications have been identified by the manufacturer. However, because 
the test uses direct markers of fibrogenesis (HA and TIMP-1), the results will be unreliable in 
patients with chronic diseases characterised by fibrogenesis in organs other than the liver.63

FibroTest and FibroMAX
FibroTest and FibroMAX are proprietary algorithms that use serum biochemical markers to 
assess the stage of liver fibrosis.64 FibroTest (marketed in the USA as FibroSure) combines one 
direct marker of extracellular matrix metabolism/degradation (alpha-2-macroglobulin) and 
four indirect markers (apolipoprotein A1, haptoglobin, total bilirubin and gamma-glutamyl 
transpeptidase) with the patient’s age and sex.65

Blood samples are not analysed at a central laboratory, but it is recommended that the individual 
components of the test are analysed using the same techniques and analysers as used by the 
reference laboratory that developed FibroTest.66 The individual values are then entered into 
BioPredictive’s website (www.biopredictive.com) and an algorithm calculates the results, which 
are presented as numeric estimates on a continuous scale ranging from 0.00 to 1.00. Table 8 
displays the correspondence proposed by Morra et al.67 between FibroTest scores and the fibrosis 
stages identified by the METAVIR, Knodell, and Ishak fibrosis staging systems.

TABLE 8 Relationship between FibroTest scores and fibrosis as measured by the METAVIR, Knodell, and Ishak fibrosis 
staging systems (after Morra R, Munteanu M, Imbert-Bismut F, Messous D, Ratziu W, Poynard T. FibroMAXTM: towards 
a new universal biomarker of liver disease? Expert Rev Mol Diagn 2007;7:481–90.). Reproduced with permission from 
Expert Reviews Ltd. All rights are reserved by Expert Reviews Ltd.

FibroTest METAVIR Knodell Ishak

0.00–0.21 F0 F0 F0

0.22–0.27 F0–1 F0–1 F1

0.28–0.31 F1 F1 F2

0.32–0.48 F1–2 F1–3 F2–3

0.49–0.58 F2 F1–3 F5

0.59–0.72 F3 F3 F4

0.73–0.74 F3–4 F3–4 F5

0.75–1.00 F4 F4 F6
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FibroMAX combines the components of FibroTest with alanine aminotransferase, aspartate 
aminotransferase, total cholesterol, triglycerides, fasting blood glucose, height and weight, and 
presents on one sheet the scores for FibroTest, SteatoTest (which measures hepatic steatosis) and 
AshTest (which measures the degree of necroinflammatory activity of alcoholic origin).68

FibroTest and FibroMAX are validated for use in patients with chronic viral hepatitis (B or C), 
ALD, and non-alcoholic fatty liver disease (NAFLD). The manufacturer recommends the use of 
FibroTest in patients with hepatitis B or C and FibroMAX in those with alcoholic or metabolic 
liver disease.69

Although FibroTest may be performed on blood samples from fasting or non-fasting patients, 
FibroMAX must be performed on samples from fasting patients.67 As in the case of the ELF test, 
alcohol affects many of the variables used in FibroTest; therefore, individuals should ideally be 
abstinent before the blood sample is taken (Dr Marsha Morgan, Royal Free Hospital, London, 
2010, personal communication).

FibroTest and FibroMAX are said to yield consistent results, with a reproducibility > 95%.70,71 
However, this has been questioned. A small study by Gressner et al.72 suggests that FibroTest 
scores may vary by up to two METAVIR stages as a result of possible interlaboratory differences 
in measurements of the individual test components, even when the laboratories fulfil 
BioPredictive’s technical requirements and the measurements lie within a quality-controlled, 
analytically acceptable range. Moreover, Poynard et al.’s73 prospective analysis of discordance 
between the FibroTest and biopsy results in patients with hepatitis C demonstrated that critical 
interpretation of every FibroTest result is required in order to avoid false-positive (FP) or false-
negative (FN) results.

The FibroTest and FibroMAX algorithms are patented, but not CE marked; they have not been 
published.66 However, there are CE-marked kits for assessing the individual components.

Cautions and contraindications for FibroTest and FibroMAX
No cautions or contraindications relating to patient safety have been identified. However, for 
reasons relating to test accuracy, FibroTest is not recommended for use in patients who have 
intercurrent illness (particularly acute inflammation, haemolysis, or Gilbert’s syndrome), or 
who are taking medications that can cause elevated bilirubin levels11 (these include allopurinol, 
anabolic steroids, some antibiotics, antimalaria medications, azathioprine, chlorpropamide, 
cholinergics, codeine, diuretics, adrenaline, meperidine, methotrexate, methyldopa, monoamine 
oxidase inhibitors, morphine, nicotinic acid, birth control pills, phenothiazines, quinidine, 
rifampin, steroids, sulfonamides, and theophylline74).

FibroScan
FibroScan is produced by EchoSens, Paris, France, and distributed in the UK by Artemis 
Medical Ltd., Kent, UK75 It is a non-invasive test that uses a specialised probe, an ultrasound 
and elastography system, and specialised software. The probe is placed on the skin over the right 
lobe of the liver and generates a mechanical pulse that sends a shear wave to the liver through 
the intercostal spaces.76,77 The wave’s velocity is measured by ultrasound and is determined by the 
stiffness of the liver, which is correlated with the degree of fibrosis.76

The procedure, which is painless, can be performed by trained medical or paramedical staff. Each 
test typically takes < 15 minutes.75 The result is the median of 10 individual ‘shots’, reported as a 
numerical measure in kilopascal (kPa);78 it is available immediately.76 If a shot is unsuccessful, the 
machine provides no result and the whole process is deemed to have failed if no value is obtained 
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after ≥ 10 shots.79 In addition, the manufacturer recommends that, to be considered reliable, 
successful measurements should meet the following three criteria:

 ■ at least 10 valid shots
 ■ a success rate (the ratio of valid shots to total number of shots) of at least 60%
 ■ an interquartile range < 30% of the median value.79

FibroScan values range from 2.5 to 75 kPa; normal values are around 5.5 kPa.80 A cut-off value of 
about 12.5 kPa has been proposed as optimal for discriminating between fibrosis and cirrhosis in 
patients with chronic hepatitis C.81 As the threshold for cirrhosis appears to be higher in patients 
with ALD, it is important that disease aetiology should be established before testing.

FibroScan is claimed to measure liver stiffness in a cylinder approximately 1 cm in diameter 
and 4 cm long, between 25 and 65 mm below the surface of the skin.82 The volume of this 
cylinder is at least 100 times that of a percutaneous liver biopsy sample, and is therefore far more 
representative of the whole liver, reducing the risk of sampling error. However, the claim that it 
may be performed satisfactorily on non-fasting patients82 has recently been called into question 
by the finding that liver stiffness values increase substantially after food intake in both patients 
with hepatitis C infection and healthy controls.83

FibroScan appears to have good reproducibility. In a series of 195 patients with chronic liver 
disease of various aetiologies and without ascites, using the FibroScan ultrasonography guide 
to identify a suitable portion of the liver for examination, Fraquelli et al.84 found that overall 
agreement between two operators was 0.98 [95% confidence interval (CI) 0.977 to 0.987], and 
intraobserver agreement was 0.98 for both operators. Increased BMI (> 25 kg/m2), steatosis 
(> 24% of fatty liver cells), and histological evidence of no to mild fibrosis (METAVIR stage < F2) 
were all significantly associated with reduced interobserver agreement, and the most marked 
variability was seen in mild fibrosis (F0/F1), where interobserver agreement fell to 0.60 (95% CI 
0.455 to 0.719).

FibroScan is CE marked. Because it is designed specifically to test for liver fibrosis, and does not 
produce an image, it cannot be used for any other diagnostic purpose.56

Cautions and contraindications for FibroScan
No cautions or contraindications relating to patient safety have been identified. However, 
because elastic waves do not travel through liquids, FibroScan has no value in patients with 
ascites, even if it is clinically undetected.77 Although this limitation has been claimed to be of 
little practical importance because the diagnosis of cirrhosis is clinically obvious in most patients 
with ascites,85 patients with portal vein or hepatic vein block may present with ascites although 
not having appreciable hepatic fibrosis (Dr Marsha Morgan, Royal Free Hospital, London, 2010, 
personal communication).

More importantly, it is difficult or impossible to use FibroScan in obese patients because the 
probe is calibrated for a specific distance between the liver and the chest wall,79 and the low-
frequency vibration induced by the probe and/or the ultrasound wave can be strongly attenuated 
by the fatty tissue.85 This limitation is particularly unfortunate as obese patients form an 
increasing proportion of the population and appear to be at increased risk of disease progression. 
However, a special probe with a measurement depth of 35–75 mm17 is currently being developed 
for use in patients who are morbidly obese.77 It is also impossible to use FibroScan in patients 
whose intercostal spaces are too narrow for the 9-mm-diameter probe to fit between the 
costal bones.85
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Finally, FibroScan results may be influenced by factors such as acute liver injury, which will result 
in an overestimation of the degree of fibrosis.79

Liver biopsy
The true gold standard for assessing the degree of liver fibrosis is histological analysis of the 
whole liver. As this is not possible in living patients, liver biopsy has been adopted as the 
reference standard.

Liver biopsy has a number of disadvantages. It is an invasive test: a hollow needle is used 
to remove a small sample of tissue from the patient for examination in the laboratory. It is 
performed in the fasting patient and is generally preceded by ultrasonography of the liver.86 In 
most cases, liver biopsy is performed percutaneously, through the skin over the liver. However, 
in order to reduce the risk of complications associated with bleeding, it may be performed 
transvenously in patients with conditions such as ascites or coagulation defects, which are 
relatively common in ALD, and which form contraindications to percutaneous biopsy. In 
transvenous biopsy, a catheter carrying the biopsy needle is inserted through a vein (most 
commonly the jugular vein in the neck) and guided to the veins inside the liver.87 Liver biopsy is 
also occasionally performed laparoscopically.9

Liver biopsy often involves a hospital stay. Patients should undergo liver biopsy on an outpatient 
basis only if they have no conditions that may increase the risk of the procedure, and then only 
in locations with easy access to a laboratory, blood bank, and inpatient facilities, and with staff 
who can observe the patient for 6 hours following the procedure. In addition, the patient should 
be able to return easily within 30 minutes to the hospital where the biopsy was undertaken, and 
should have a reliable individual to stay with on the first night post biopsy. If any of these criteria 
cannot be met, biopsy must be undertaken on an inpatient basis. Moreover, patients who undergo 
outpatient biopsy should be hospitalised if there is any significant complication, including pain 
that requires more than one dose of analgesic.88 In the USA, where liver biopsy is generally 
performed on an outpatient basis under local anaesthetic, 1–3% of patients subsequently require 
hospital care for the management of complications (predominantly pain or hypotension); 60% of 
these complications occur within 2 hours of the biopsy and 96% within 24 hours.86

Because fibrosis is not evenly distributed throughout the liver, liver biopsy, which samples only 
1/25,000–50,000 of the liver, carries a substantial risk of sampling error. Regev et al.89 found a 
difference of at least one fibrosis stage between biopsy samples from the right and left hepatic 
lobes in 33% of patients with hepatitis C. Such sampling errors usually produce a low FP rate but 
a relatively high FN rate but, in the case of liver biopsy, inclusion of elements such as capsular 
or connective tissue will lead to overestimation of the degree of fibrosis.16 Factors that affect the 
degree of sampling error include the length of the biopsy sample and the number of samples 
taken. Bedossa et al.90 demonstrated experimentally in liver samples from patients with hepatitis 
C that correct staging was achieved for only 65% of cases when the biopsy sample was 15 mm 
in length; this figure rose to only 75% when samples 25 mm in length were analysed, and the 
proportion of samples which were correctly identified did not increase significantly with longer 
specimens. Abdi et al.91 found that a single biopsy correctly identified cirrhosis in only 80% 
of cases (16/20) at post-mortem, but that 100% accuracy was achieved when three samples 
were taken,91 while Maharaj et al.92 also found that a single sample was unreliable: when three 
consecutive samples were taken through a single entry site, all three samples identified cirrhosis 
in only 50% of cases.

In addition to sampling error, liver biopsy results may be affected by intra- and inter-pathologist 
variation in the interpretation of samples.93 Levels of inter- and intra-observer discrepancies as 
high as 10–20%89,94 have been reported.
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However, liver biopsy has the advantage that it provides information not only on liver fibrosis but 
also on other factors such as inflammation, necrosis, and steatosis, and permits the identification 
of potentially unexpected cofactors and comorbidities.95

Cautions and contraindications for liver biopsy
As an invasive procedure, liver biopsy carries a risk of morbidity and mortality. Morbidity 
associated with liver biopsy may be broadly divided into minor complications, including 
transient discomfort at the biopsy site, post-procedural pain, and mild transient hypotension, and 
major complications, including more severe hypotension (systolic blood pressure < 90 mmHg), 
bleeding into the peritoneal or thoracic cavity, haemobilia, pneumothorax, perforation of the gall 
bladder or another organ, myocardial infarction, and death.96

Murtagh and Foerster93 have suggested that one-third of patients who undergo liver biopsy 
report pain, and that complications occur in 3 per 1000 biopsies (0.3%) and death in 3 per 10,000 
(0.03%). A systematic review of the adverse effects of liver biopsy undertaken as part of this 
project suggests that the overall rates of severe adverse events including death, and of death, in 
patients undergoing biopsy are higher at 0.81% (95% CI 0.71% to 0.90%) and 0.09% (95% CI 
0.06% to 0.13%), respectively, for percutaneous biopsy, and 1.45% (95% CI 0.62% to 2.57%) and 
0.18% (95% CI 0.02% to 0.85%), respectively, for transjugular biopsy (for details, see Appendix 3). 
The higher rates seen in patients undergoing transjugular biopsy presumably reflect the fact that 
they are at higher risk of adverse events because of the complications that form contraindications 
for percutaneous biopsy.

The systematic review found rates of any minor adverse events substantially lower than Murtagh 
and Foerster’s93 figure for pain alone, at 7.51% (95% CI 7.12% to 7.93%) for percutaneous biopsy 
and 9.14% (95% CI 6.51% to 12.37%) for transjugular biopsy. However, these results are less 
reliable than those for more severe adverse events because of greater variability in the definitions 
of minor adverse events used in the different studies (see Appendix 3). Moreover, the majority of 
included studies were retrospective audits of clinical notes that presumably only identified cases 
where the pain was sufficiently severe to require attention from medical or nursing staff.

The management of bleeding from internal biopsy sites has improved over the last 15–20 years 
because of the use of non-invasive arterial embolisation, which has a much lower associated 
morbidity and mortality than the open surgical procedures that were previously necessary to 
deal with this complication (Dr Marsha Morgan, Royal Free Hospital, London, 2010, personal 
communication). However, because of the particularly high risk of adverse effects in patients 
with alcoholic hepatitis and cirrhosis, both of which are associated with coagulation problems,8 
current UK guidance recommends that biopsy is not required for confirmation of diagnosis 
in patients with a high clinical suspicion of ALD in whom other causes of liver disease have 
been excluded using blood tests, unless it is necessary to confirm a diagnosis of AAH in order 
to inform specific treatment decisions.9 In other words, in these patients, liver biopsy should 
be performed only if the risks it poses are outweighed by the potential benefits of improved 
patient outcomes consequent on changes in management which would not be possible without 
information that could only be obtained by biopsy.

Hepatic venous pressure gradient measurement
Hepatic venous pressure gradient measurement is the gold standard for assessing the presence 
and severity of PHt in patients with alcohol-related cirrhosis, in whom splenomegaly, the clinical 
hallmark of PHt, is a less useful sign. HVPG measurement is an invasive procedure in which 
a balloon-tipped catheter is inserted into a hepatic vein via the femoral or jugular route. The 
pressure is measured with the balloon deflated, and again when it has been inflated to occlude 
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the hepatic vein. The HVPG is the difference between the two measurements; a result > 5 mmHg 
indicates PHt, and a result > 10–12 mmHg indicates clinically significant PHt associated with a 
risk of complications such as ascites, HE, and variceal bleeding.42

Hepatic venous pressure gradient measurement is reliable only when performed by an 
experienced operator.97

Cautions and contraindications for hepatic venous pressure 
gradient measurement
Although invasive, HVPG measurement appears to be safe. No reports of mortality or serious 
complications have been published. The most common complications appear to be related 
to local injury to the vein used to gain access to the hepatic vein; they include leakage and 
haemorrhage. Other complications, such as vagal reactions and arteriovenous fistulae, are more 
rare. The risk of such complications is greatly reduced if deep-venous puncture is performed 
under Doppler ultrasound guidance, and this is particularly recommended in obese patients, or 
when arterial palpation is difficult. Finally, passage of the catheter through the right atrium may 
cause supraventricular arrhythmias; in over 90% of cases, these are self-limiting.98

Upper gastrointestinal endoscopy
Upper gastrointestinal endoscopy involves the insertion of a thin, flexible viewing instrument, 
called an endoscope through the mouth into the oesophagus, stomach, and duodenum. It is used 
in patients with cirrhosis to identify medium or large varices in those areas so that prophylactic 
treatment may be initiated to reduce the risk of bleeding.

Endoscopy is expensive to perform.99 Patients must have had nothing to eat or drink for 
4–8 hours prior to the procedure.

Cautions and contraindications for upper gastrointestinal endoscopy
Upper gastrointestinal endoscopy is invasive and unpleasant for the patient if done without deep 
sedation.100 When performed for diagnostic purposes, it has a small, but not insignificant, risk of 
complications. These include:

 ■ Cardiopulmonary complications related to sedation. These range from minor changes in vital 
signs to respiratory depression, shock/hypotension, and myocardial infarction, and account 
for approximately 40% of complications associated with diagnostic endoscopy.

 ■ Infectious complications resulting either from the procedure itself or from the use of 
contaminated equipment; these are relatively uncommon.

 ■ Perforation of the gastrointestinal tract; this is also relatively uncommon, but is associated 
with a mortality rate of approximately 25%.

 ■ Significant bleeding; this is rare, although individuals with thrombocytopenia and/or 
coagulopathy are at increased risk of bleeding.101

Identification of important subgroups
Potentially important subgroups include:

 ■ obese patients (i.e. those with a BMI ≥ 30 kg/m2 or a waist circumference > 102 cm for men 
and > 88 cm for women)

 ■ patients with metabolic syndrome
 ■ patients with concurrent alcoholic hepatitis
 ■ patients who are not abstinent from alcohol.
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All of these subgroups are important because their characteristics may affect the performance 
or results of the non-invasive tests assessed in this report; in addition, obese patients with ALD 
appear to be at increased risk of disease progression. Thus, FibroScan is more likely to fail, or 
to provide unreliable measurements, in patients with ALD who are obese or rotund, whereas it 
has been shown in apparently healthy individuals that liver stiffness measurements (LSMs) are 
higher in those with metabolic syndrome than in those without.80 The inflammation associated 
with alcoholic hepatitis will result in an overestimation of the degree of fibrosis using FibroScan.79 
Finally, current alcohol consumption affects many components of the ELF test and FibroTest, so 
that the tests will provide different results in patients who are abstinent from alcohol and in those 
who are still drinking, even though they may have the same degree of fibrosis.

Current usage in the NHS
None of the four tests are currently routinely performed within the NHS. However, in April 
2008, FibroScan machines were said to be installed in 12 NHS hospitals (implicitly in the UK 
rather than in England and Wales).75 By 2009, this figure had risen to 17 NHS hospitals and five 
private hospitals in England, and six NHS hospitals in Scotland; there were none in Wales.102 The 
majority of FibroScan machines in place in 2008 were funded by pharmaceutical companies and/
or charitable donations.75

In 2008, the manufacturers predicted that initial uptake would be confined to the major 
hepatology centres and would be limited to approximately 35 systems, but that FibroScan might 
subsequently expand into district general hospitals with gastroenterology departments.75

Anticipated costs associated with non-invasive testing
There are no good data relating to the costs of non-invasive testing. The best data relate to the 
ELF test, where currently the favourable price for early adopters in the NHS is £45 per test for a 
volume of 100 tests a month (1200 a year), i.e. a total cost of £54,000/year (Dr Marsha Morgan, 
Royal Free Hospital, London 2010, personal communication). There is no indication as to what 
the price is likely to be for subsequent customers.

In 2007, Morra et al.67 stated that the cost of FibroTest ranged from €90 to €300 and that of 
FibroMAX from €150 to €500. However, it seems likely that FibroTest will in the future be 
priced more competitively in relation to the ELF test. The cost of FibroMAX is likely to be 
somewhat higher than that of FibroTest as it incorporates more components and provides 
additional information.

The ancillary costs associated with the ELF test, FibroTest, and FibroMAX are those associated 
with any diagnostic blood test.

No cost data have been identified for FibroScan.
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Chapter 2  

Definition of the decision problem

Decision problem

Population
Patients with suspected liver fibrosis related to alcohol consumption.

Diagnostic tests under assessment
The non-invasive tests for liver fibrosis assessed in this review take the forms of either blood tests:

 ■ ELF test
 ■ FibroTest
 ■ FibroMAX

or transient elastography:

 ■ FibroScan.

Reference standard tests
The reference standard test for liver fibrosis is liver biopsy. However, HVPG measurement and 
upper gastrointestinal endoscopy are used to identify conditions associated with liver fibrosis, 
namely PHt and oesophageal varices respectively, which are of clinical importance and which can 
also be used as surrogates for the diagnosis of cirrhosis.

As noted in Chapter 1, Liver biopsy, liver biopsy carries a substantial risk of sampling error, and 
may also be affected by intra- and inter-observer variation in the interpretation of samples. It can, 
therefore, only be regarded as an imperfect reference standard.

Outcomes
Relevant outcomes include:

 ■ the diagnostic accuracy of the index test compared with the reference standard, as indicated 
by the area under the receiver operating characteristic curve (AUROC), for a specified 
fibrosis stage, and/or the sensitivity, specificity, positive predictive value, and negative 
predictive value, compared with the reference standard for the diagnosis of a specified 
fibrosis stage based on a specified cut-off point, or the data required to calculate those values 
[i.e. numbers of true-positive (TP), FN, true-negative (TN) and FP results]

 ■ numbers of test failures or other withdrawals
 ■ adverse effects associated with testing
 ■ long-term patient outcomes (disease progression, complications related to liver disease, need 

for liver transplantation, mortality)
 ■ health-related quality of life
 ■ cost-effectiveness and cost–utility.

Studies of diagnostic or predictive accuracy are included only if they report numbers of TP, FN, 
TN and FP results, or measures of diagnostic accuracy (e.g. sensitivity and specificity) calculated 
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from those values, relating to the index test in comparison with either a reference standard test or 
a clinical outcome (e.g. survival or adverse clinical events).

Discussion of outcomes measuring test accuracy
In studies of diagnostic tests, patients are generally classified by the index test (i.e. the diagnostic 
test being investigated) as either positive or negative (i.e. as having or not having the condition 
that the test is designed to identify). The same patients are also assessed using the reference 
standard (an established diagnostic test assumed to have 100% sensitivity and specificity), and 
the latter result is taken to identify the patients’ true health status. If both the index test and 
the reference standard are positive, the result is described as a TP. If the index test is positive 
but the reference standard is negative, the result is termed a FP. If both the index test and the 
reference standard are negative, the result is termed a TN, whereas if the index test is negative 
and the reference standard is positive it is termed a FN. These results can be presented in a 
2 × 2 table (Table 9).

The sensitivity of a test (the proportion of patients with the condition of interest who have a 
positive test result – i.e. TPs), indicates how good it is at correctly identifying the condition of 
interest, whereas its specificity (the proportion of patients without the condition of interest who 
have a negative test result – i.e. TNs) indicates how good it is at correctly classifying people as free 
of that condition. The sensitivity and specificity are expressed as simple percentages (see Table 9). 
Both FP and FN results may be harmful: FP results may cause patients to undergo further tests 
or receive unnecessary treatment, whereas FN results may deprive them of the treatment they 
need. Ideally, therefore, diagnostic tests would have both high sensitivity and high specificity. 
In practice, however, they often have high sensitivity at the expense of low specificity or vice 
versa. The optimum balance between sensitivity and specificity varies from test to test because 
of differences in the relative consequences of FP and FN results in the context of the condition 
of interest.

In practice, the situation may be more complex than indicated in Table 9, as the results of the 
index test may be neither positive nor negative, but uninterpretable. It is important that such 
uninterpretable results should be included in the calculations. Their inclusion will lower the 
sensitivity and specificity of the index test (Table 10). In the absence of full data relating to 
uninterpretable results, sensitivity analyses may be used to explore the impact of such results on 
sensitivity and specificity.

TABLE 9 Calculation of sensitivity and specificity

Index test result Reference standard positive Reference standard negative

Index test positive TP FP

Index test negative FN TN

Sensitivity = [TP/(TP + FN)]× 100 Specificity = [TN/(TN + FP)] × 100

TABLE 10 Calculation of sensitivity and specificity including uninterpretable results

Index test result Reference standard positive Reference standard negative

Index test positive TP FP

Index test uninterpretable Uninterpretable (U
1
) Uninterpretable (U

2
)

Index test negative FN TN

Sensitivity = [TP/(TP + U1
 + FN)] × 100 Specificity = [TN/(TN + U

2
 + FP)] × 100
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The positive predictive value of a test is the proportion of patients with positive test results who 
are correctly diagnosed. In clinical practice, this is generally the most important measure of test 
accuracy as it reflects the probability that a positive test reflects the underlying condition being 
tested for. Consequently, its value depends on the prevalence of the disease, which may vary, and 
indeed in real life situations may differ considerably from that seen in study populations. The 
negative predictive value is the proportion of patients with negative test results who are correctly 
diagnosed. The negative predictive value may be more important than the positive predictive 
value if the test is being used as a triage test to identify those patients who may have the condition 
of interest so that they may undergo further, more expensive or invasive, testing.

Although fibrosis has, for convenience, been divided into grades of severity using a number 
of different scales, the most common being the METAVIR scale (see Chapter 1, Measurement 
of disease), it actually forms a continuum that ranges from very mild fibrosis to severe fibrosis 
(cirrhosis). Consequently, the non-invasive tests for fibrosis reviewed in this report also yield 
continuous measurements and, therefore, diagnostic thresholds must be deliberately selected to 
define positive and negative results. The sensitivity and specificity of the tests will vary depending 
on the thresholds that have been selected. If several thresholds have been used in one data set, 
the diagnostic characteristics of the test in question may be illustrated using a receiver operating 
characteristic plot of the TP rate (sensitivity) against the FP rate (1 – specificity).103

The AUROC may be used as an overall measure of the performance of a surrogate test when 
compared with the reference standard. Bedossa and Carrat104 state that the AUROC represents 
the probability that the surrogate will correctly rank two randomly chosen patients, one of whom 
has been classified by the reference standard as having, and the other as not having, the condition 
that the index and reference tests are intended to identify. Unlike sensitivity and specificity, 
the AUROC does not vary according to the threshold set for identification of a positive result. 
It therefore represents a loss of information, as compared with sensitivity and specificity, as 
it provides no indication of the degree to which any departure from 1.00 (a perfect result) is 
because of FPs, and the degree to which it is because of FNs. Moreover, Lambert et al.105 have 
noted that, in the context of liver fibrosis, the AUROC has two main drawbacks:

 ■ Because it assumes that the reference standard yields a binary result whereas, as has been 
seen, liver biopsy uses an ordinal scoring system, the fibrosis stages have to be aggregated 
into two groups.

 ■ Because the proportion of each fibrosis stage in the sample can affect the AUROC, 
comparisons of AUROCs from populations with different distributions of fibrosis stages 
may be flawed. To overcome this, Poynard et al.106 recommend standardising the AUROC 
according to the prevalence of fibrosis stages, but this method is complex and has not yet 
been statistically validated.105

As noted above, calculation of the sensitivity and specificity of the index tests involves the 
assumption that the reference standard has 100% sensitivity and specificity. Unfortunately, 
this is not true of liver biopsy (see Chapter 1, Summary of diagnostic tests). If the results of the 
reference test are not very close to the truth, the performance of the index tests will be poorly 
estimated.103 In an attempt to address this problem, a number of the studies included in this 
review have looked in detail at cases in which the index test and reference standard have yielded 
discrepant results, to determine which test is more likely to have provided the correct result in 
each individual case.

Another serious problem relating to the use of liver biopsy as the reference standard is its 
relevance to the different types of non-invasive tests. On the one hand, liver biopsy is arguably a 
more appropriate reference standard in relation to transient elastography than in relation to tests 
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based on serum markers because it seeks directly to identify the degree of fibrosis present in the 
liver at a fixed point in time, whereas transient elastography measures the stiffness of the liver, 
a surrogate for fibrosis, also at a fixed point in time. By contrast, tests such as the ELF test and 
FibroTest, which are based on combinations of serum markers, seek to assess dynamic processes 
taking place within the liver. Consequently, their results may be discordant with the liver biopsy 
results either because the fibrotic process is highly active but fibrotic tissue has not yet developed 
(thus the serum tests will yield a higher result than the biopsy), or because fibrotic activity is 
temporarily discontinued even though there are clusters of fibrotic tissue in the liver (thus the 
serum tests will yield a lower result than the biopsy).107 In such circumstances, the test results 
may be discordant even though both tests have yielded correct results in terms of the parameter 
that they set out to measure. On the other hand, it has been argued that liver biopsy is a more 
appropriate reference standard in relation to serum marker algorithms such as FibroTest and 
the ELF test, which have been designed to match histological stages of liver fibrosis as assessed 
by liver biopsy irrespective of biopsy accuracy, than in relation to transient elastography, which 
measures stiffness, a single genuine characteristic of liver tissue.104

Study design
The best available level of evidence, with priority given to controlled studies, if available.

Overall aims and objectives of assessment

The overall aim of the assessment is to assess the diagnostic accuracy, effect on patient outcomes, 
and cost-effectiveness of the specified non-invasive tests for liver fibrosis in patients suspected of 
having liver fibrosis related to alcohol consumption. The tests are assessed firstly as a replacement 
for liver biopsy, and secondly as an additional test prior to liver biopsy.

The objectives of the assessment are:

 ■ To conduct a systematic review of the published evidence on the diagnostic accuracy and 
cost-effectiveness of the specified non-invasive tests for the assessment of liver fibrosis in 
patients suspected of having ALD.

 ■ To develop a decision model to investigate the benefits, harms, and cost-effectiveness of 
non-invasive testing, either as a replacement for liver biopsy or as an additional test in the 
diagnostic pathway for assessing liver fibrosis. Outcomes from the model will be expressed in 
terms of net health benefit and cost per quality-adjusted life-year (QALY).
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Chapter 3  

Cost-effectiveness: model structure and 
methodology

As previously discussed, the use of non-invasive liver tests (NILTs) for assessing the fibrosis 
levels of patients with suspected ALD has been posited owing to the fact that the current 

assessment method, biopsy, is associated with morbidity and mortality. If NILTs were of sufficient 
accuracy in determining the level of fibrosis, then they could be used cost-effectively to either 
filter those patients in whom biopsy would not be appropriate, or indeed replace biopsy for some 
patients. Henceforth strategies aimed at filtering patients will be referred to as ‘triaging strategies’ 
and strategies aimed at replacing biopsy will be referred to as ‘replacement strategies’.

The focus of the model is to evaluate the cost-effectiveness of different strategies involving NILTs 
when compared with biopsying all patients. Within this remit, it has been assumed that there is 
sufficient infrastructure for the identification and referral of patients with suspected ALD and 
subsequent treatment to be performed to a satisfactory level. Additional details on providing such 
services are contained in Alcohol use disorders: diagnosis, assessment and management of harmful 
drinking and alcohol dependence108 and the references contained therein.

During the process of undertaking the evaluation, it became apparent that data regarding the use 
of NILTs within primary care were extremely scant. Pivotal studies assessing test accuracy were 
all undertaken in secondary or tertiary care as a gold standard (liver biopsy) was needed. As it 
is unethical to undertake liver biopsy in those with minimal risk of fibrosis, the trials would be 
subject to considerable spectrum bias and the resultant sensitivities and specificities could not be 
assumed to apply in primary care. Clinical experts (comprising primary, secondary and tertiary 
care physicians) who provided advice to the assessment groups were unanimous that there was 
currently insufficient evidence to appraise the tests in primary care. This advice, in conjunction 
with the considerable uncertainty that is prevalent with regards to the cost-effectiveness of NILTs 
in secondary care, was the rationale for the results of this study to focus on the cost-effectiveness 
of NILTs solely within secondary and tertiary care.

Owing to the uncertainty in both management and prognosis following a diagnosis of cirrhosis, 
advanced fibrosis or of their absence, there were few data from the systematic reviews that 
could be utilised within the modelling evaluation. The key parameters that were used were the 
sensitivity and specificity of the tests.

The population simulated within the model will be those patients that a hepatologist would 
wish to biopsy. Guidance from the National Institute for Health and Clinical Excellence (NICE)9 
indicates that biopsy, because of the potential for causing morbidity and mortality, should only 
be used when it would affect the management of the patient. It is assumed that within the model, 
management would only be altered where a patient had been diagnosed with cirrhosis, in which 
case the patient would be monitored for HCC, HE and oesophageal varices. In contrast, it is 
assumed that the management strategy would not change for those patients without cirrhosis, 
where the clinician would continue to stringently attempt to persuade the patient to become 
abstinent or reduce alcohol intake.
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The prevention of further fibrosis (and ultimately cirrhosis) is of great importance and the 
model assumes that a proportion of those patients who continue to drink heavily will progress 
to cirrhosis, in which case the greater cost implications and reduced life expectancy will be taken 
into consideration.

A subset of patients will be suspected of having severe alcoholic hepatitis and/or decompensated 
liver disease; these will not be considered within the model. The rationale for this decision is 
twofold. Firstly, those patients with alcoholic hepatitis are likely to require treatment with steroids 
to reduce the risks of mortality; however, if the patient has decompensated cirrhosis, which can 
be determined by biopsy but not by any of the current NILT, then the course of steroids can 
cause mortality. Secondly, patients with alcoholic hepatitis will have inflammation of the liver, 
which can affect the validity of diagnosis provided by a NILT. There may be additional patients 
in whom the clinician believes that a biopsy would be unnecessary, for example where the 
clinical manifestations clearly indicate that the patient has cirrhosis; these patients are also not 
considered within the model with the assumption that the clinician would treat the patient as he 
or she deemed appropriate.

The strategies analysed

Ten strategies will be considered:

1. biopsy all patients (assumed current practice)
2. triage patients with FibroScan and biopsy all those in whom cirrhosis is indicated
3. triage patients with FibroTest and biopsy all those in whom cirrhosis is indicated
4. triage patients with the ELF and biopsy all those in whom cirrhosis is indicated
5. triage patients using clinical experience and biopsy all those in whom cirrhosis is indicated
6. use FibroScan and assume that the result is definitive
7. use FibroTest and assume that the result is definitive
8. use the ELF and assume that the result is definitive
9. use clinical experience and assume that the result is definitive

10. diagnose all patients as having cirrhosis.

Strategies 5, 9 and 10 are not considered as realistic recommendations for clinical practice, but 
are included to provide insight regarding whether or not a formal diagnostic test is required. 
These strategies were of particular relevance to an earlier version of the conceptual model, in 
which the quality of life impacts due to continued drinking in those without cirrhosis were 
assumed to be greater than subsequently used in the modelling following clinical advice. Using 
a high decrement resulted in strategies with poor specificity being more cost-effective as the 
rates of abstinence are assumed to be greater in those with diagnosed cirrhosis. Although 
these conclusions do not apply to the final model, strategies 5, 9 and 10 were included for 
completeness. FibroMax was excluded from the strategies analysed as there were no data found 
regarding sensitivity or specificity.

The assumed current clinical practice is shown in Figure 1. If a patient were shown to be 
cirrhotic, then he or she would receive monitoring for HCC and HE and prophylactic treatment 
for oesophageal varices. Patients not shown to be cirrhotic would receive lifestyle advice only, 
which would include the strong recommendation to become abstinent or to reduce alcohol 
consumption. This advice would also be given to those who received monitoring.

For those patients who were not diagnosed as cirrhotic, it is assumed that a proportion will 
progress and become cirrhotic (incurring substantial costs and reduced life expectancy if they 
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continue to drink heavily). More detail is provided in Chapter 5. This pathway has not been 
included in Figure 1 to maintain clarity.

For the set of strategies where the NILT would be used to triage patients, it has been assumed 
that the management of patients would be as shown in Figure 2. If the NILT indicates that there is 
cirrhosis, then this would be confirmed with biopsy, with those shown to be cirrhotic on biopsy 
receiving monitoring for HCC and HE and provided with prophylactic treatment for oesophageal 
varices in addition to lifestyle advice. Those patients shown to be non-cirrhotic on biopsy 
would receive lifestyle advice only, which would include the strong recommendation to become 
abstinent or to reduce alcohol consumption. This advice would also be provided to patients who 
are not shown to be cirrhotic by the NILT. It is assumed that the knowledge of the result of the 
NILT would not affect the interpretation of the biopsy result, which would provide the same 
diagnosis when performed immediately on a patient or following a triage strategy.

Depending on the sensitivity of the test, there is potential for patients to be diagnosed incorrectly 
as not having cirrhosis and not being offered appropriate monitoring for HCC, HE and 
prophylactic treatment for oesophageal varices.

For those patients who were not diagnosed as cirrhotic, it is assumed that a proportion will 
progress and become cirrhotic (incurring substantial costs and reduced life expectancy) if they 
continue to drink heavily. More detail is provided in Chapter 5. This pathway has not been 
included in Figure 2 to maintain clarity.

For the analyses where it is assumed that the patient’s management strategy would be determined 
by the NILT alone, the care pathway would be as shown in Figure 3.

Depending on the sensitivity of the test, there is potential for patients to be diagnosed incorrectly 
as not having cirrhosis and not being offered the appropriate monitoring for HCC, HE and 
prophylactic treatment for oesophageal varices. Additionally, depending on the specificity, there 

FIGURE 1 Strategy 1: the assumed current practice.
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FIGURE 2 The use of a NILT in conjunction with a biopsy.

FIGURE 3 The use of a NILT to determine patient management.
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is a possibility that patients are falsely diagnosed as having cirrhosis and will have unnecessary 
monitoring for a considerable period of time.

For those patients who were not diagnosed as cirrhotic, it is assumed that a proportion will 
progress and become cirrhotic (incurring substantial costs and reduced life expectancy if they 
continue to drink heavily). More detail is provided in Chapter 5. This pathway has not been 
included in Figure 3 to maintain clarity.

Liver transplant
In reality, there is a possibility that patients will have a liver transplant. However, this eventuality 
has been omitted from the model as current evidence shows that it is of borderline cost-
effectiveness. Longworth et al.109 report that liver transplants in patients with ALD may not be 
cost-effective. However, in the recent NICE guideline9 it was hypothesised that the cost per QALY 
gained estimated by Longworth et al.109 may be overestimated as the selection of ALD patients 
for transplants may have improved, the study had not been extrapolated to patient lifetime and 
whether or not the full costs of pre-transplant costs should be included in the estimation of 
cost-effectiveness. Accordingly, the Guideline Development Group (GDG) concluded that ‘that 
liver transplantation in its current form is likely to be cost-effective for ALD patients, when long-
term benefits and modern selection practices are taken into account’.9 As there is no conclusive 
evidence on whether or not liver transplantation is cost-effective, the authors of this report have 
assumed that the cost-effectiveness of liver transplant in an ALD population is exactly on the 
threshold for cost per QALY chosen by the decision makers and that whether people do, or do 
not, have a liver transplant will not affect the decision on whether or not the use of a NILT is 
cost-effective. Given the great uncertainty in the results, owing to the lack of data on key variables 
within the model, the authors are not uncomfortable with this assumption.
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Chapter 4  

Assessment of clinical effectiveness

Methods for reviewing effectiveness

A systematic review was undertaken according to the general principles recommended in 
the quality of reporting of meta-analyses (QUOROM)110 and Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA)111 statements.

Identification of studies
Extensive searches were undertaken for the comprehensive retrieval of studies of clinical 
effectiveness and cost-effectiveness relating to the research question. The concepts in the search 
strategies reflected the population and intervention categories of the Population, Intervention, 
Comparator, Outcome (PICO) model, namely patients with suspected liver fibrosis related 
to alcohol consumption and the specified non-invasive tests for the identification of fibrosis, 
respectively.

The search strategy comprised the following main elements:

 ■ searching of electronic databases
 ■ scrutiny of bibliographies of retrieved papers and previous systematic reviews
 ■ contact with experts in the field.

Sources searched
The electronic databases searched included MEDLINE, EMBASE, The Cochrane Library, 
Cumulative Index to Nursing and Allied Health Literature (CINAHL) and Web of Knowledge 
(for details, see Appendix 5).

Search strategies
The MEDLINE search strategies are presented in Appendix 5. Search strategies for the other 
databases are available on request.

Search restrictions
Searches were not restricted by publication type, date of publication, or language.

Inclusion and exclusion criteria
Inclusion criteria

 ■ Participants: Patients with suspected liver fibrosis related to alcohol consumption. Studies 
that included patients with suspected liver fibrosis of other aetiologies were included if data 
relating to patients with suspected alcohol-related disease could be extracted separately.

 ■ Intervention: One of the specified non-invasive tests for liver fibrosis, namely:
 – the ELF test
 – FibroTest
 – FibroMAX
 – FibroScan.

 ■ Comparators: The primary comparator, or reference standard, was liver biopsy for the 
identification of liver fibrosis. Secondary reference standards were tests used to identify 
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conditions associated with liver fibrosis, namely HVPG measurement for PHt, and upper 
gastrointestinal endoscopy for the identification of oesophageal varices.

 ■ Outcome measures: The primary outcome measure was the diagnostic accuracy of the index 
test compared with the reference standard in distinguishing patients with significant fibrosis, 
defined as METAVIR stages F2–F4, from patients without significant fibrosis, defined as 
METAVIR stages F0–F1. Other outcome measures were:

 – the diagnostic accuracy of the index test compared with the reference standard in 
distinguishing patients with cirrhosis (METAVIR stage F4) from patients without 
cirrhosis (METAVIR stages F0–F3)

 – the diagnostic accuracy of the index test compared with the reference standard in 
distinguishing patients with moderate-to-severe fibrosis (METAVIR stages F3–F4) from 
patients without moderate-to-severe fibrosis (METAVIR stages F0–F2)

 – the diagnostic accuracy of the index test compared with the reference standard in 
distinguishing patients with fibrosis (METAVIR stages F1–F4) from patients without 
fibrosis (METAVIR stage F0)

 – the diagnostic accuracy of the index test compared with the reference standards 
in distinguishing patients with and without the complications of fibrosis (PHt and 
oesophageal varices)

 – the number of patients requiring referral to secondary care
 – the number of patients requiring liver biopsy
 – the number of patients giving up alcohol, or significantly reducing alcohol consumption, 

following receipt of a test result
 – long-term patient outcomes (disease progression, complications related to liver disease, 

need for liver transplantation, mortality)
 – adverse effects of testing
 – health-related quality of life.

Only studies of the index tests that reported data relating to one of the outcome measures 
in relation to the population of interest were included in the review of clinical effectiveness. 
However, this criterion was relaxed for consideration of adverse events, where wider searches 
were undertaken to allow the inclusion of data relating to studies of the adverse effects of 
diagnostic venepuncture or transient elastography (see Appendix 5).

 ■ Study design: the best available level of evidence, with priority given to controlled studies, 
if available.

Exclusion criteria
The following publication types were excluded from the review:

 ■ animal models
 ■ preclinical and biological studies
 ■ narrative reviews, editorials, and opinions.

Systematic reviews of primary studies were excluded from the review of clinical effectiveness, but 
were scanned for potential additional relevant studies.

In addition, studies were excluded if:

 ■ they were considered methodologically unsound (specifically, if the reference standard was 
used in only a subset of study participants and the selection criteria used to identify that 
subset were not clear)
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 ■ they were published as meeting abstracts only, and insufficient methodological details were 
reported to allow critical appraisal of study quality

 ■ they were meeting abstracts that had been superseded by later publications and did not 
contain any additional data.

Sifting
The references identified by the literature searches were sifted in three stages by a single reviewer. 
They were screened for relevance first by title and then by abstract. Those papers that seemed, 
from their abstracts, to be relevant were then read in full, as were all potentially relevant papers 
for which abstracts were not available. At each step, studies that did not satisfy the inclusion 
criteria were excluded.

Data extraction strategy
Data were extracted by one reviewer to customised data extraction forms. Where multiple 
publications of the same study were identified, data were extracted and reported as a single study.

Critical appraisal strategy
Study quality was assessed using a modified version of the quality assessment of diagnostic 
accuracy studies (QUADAS) checklist,112 a validated tool designed to assess the internal and 
external validity of studies of diagnostic accuracy. Definitions of some scoring criteria were 
adapted from the systematic review by Friedrich-Rust et al.113 (for details, see Appendix 6). Where 
a study was reported in more than one publication, its quality was assessed on the basis of the 
combined data from all relevant publications.

The quality assessment of studies included in the review of clinical effectiveness was carried 
out by one researcher. Blinding of the quality assessor to author, institution, or journal was not 
considered necessary.114,115

Methods of data synthesis
Studies that met the review’s entry criteria were eligible for inclusion in meta-analyses if this 
was appropriate in terms of comparability of the study populations, outcomes, and diagnostic 
thresholds, if the studies were unlikely to be biased,116 and if the numbers of TP, FP, TN, and 
FN results for each study were reported or could be obtained from the study authors. However, 
because of the degree of heterogeneity and the unavailability of full data from some studies, 
meta-analysis was not in fact considered appropriate. The presentation of results is therefore 
limited to a narrative review.

Where they were not reported by the original investigators, if data were available for the 
numbers of TPs, TNs, FPs and FNs, the reviewers independently calculated sensitivity, specificity 
and positive and negative predictive values, with CIs. This was done using beta distributions 
(alpha = TPs and beta = FNs for specificity; alpha = TNs and beta = FPs for specificity). If any 
number was < 5, a non-informative prior of 0.5 (equivalent to Jeffreys’ prior) was added to both 
the alpha and beta parameter.

Results

Quantity and quality of research available
The electronic literature searches identified 4039 potentially relevant citations. Of these, 3829 
were excluded at the title or abstract stage, leaving 210 that were obtained for examination of 
the full text, together with five additional relevant articles that had been identified from other 
sources. Two of these five articles, those by Janssens et al.117 and Mueller et al.,118 had been 
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published too recently to be identified by the electronic searches; they superseded abstracts119,120 
that had been identified by those searches. A further two articles, by Rosenberg et al.121 and 
Melin et al.,122 were not identified by the electronic searches because they were not appropriately 
indexed in the electronic databases; they were supplied by the relevant manufacturers together 
with an unpublished paper by Parkes et al.57

One hundred and ninety-eight citations were excluded at the full-text stage, leaving 17 articles 
that were included in the review (Figure 4). These 17 articles related to 14 studies: one study of 
the ELF test,57,121 four studies of FibroTest,13,123–126 eight studies of FibroScan97,117,118,122,127–131 and one 
study which used both FibroTest and FibroScan.132 No studies of FibroMAX were identified.

Number and type of studies included
The majority of articles that met the review inclusion criteria reported cross-sectional studies 
intended to confirm the performance of one of the non-invasive tests against a reference standard 
(liver biopsy, HVPG measurement, or endoscopic identification of oesophageal varices). A 
minority had a cohort design, following patients over time to assess how well the non-invasive 
test predicted adverse clinical outcomes. There were no randomised controlled trials (RCTs).

Number and type of studies excluded, with reasons
As may be seen from Quantity and quality of research available, a substantial number of the 
citations identified by the electronic searches related to studies that were excluded as part of the 
sifting process because they did not meet the inclusion criteria. Details are therefore given only 
of those citations that were excluded after a full reading, and then only if they were excluded for a 
reason other than a simple failure to meet the inclusion and exclusion criteria. Such citations are 
listed in Appendix 7, together with the reasons for their exclusion.

FIGURE 4 Clinical effectiveness: summary of study selection and exclusion.

Articles identified through database searching, 
duplicates removed, screened by title/abstract

 (n = 4039)

Articles excluded 
 (n = 3829)

Full-text articles assessed for eligibility
(n = 215)

Full-text articles excluded
(n = 198)

Additional relevant articles 
identified through other sources

 (n = 5)

Articles included in narrative synthesis
(n = 17, relating to 14 studies)

Articles included in quantitative 
synthesis (meta-analysis)

(n = 0)
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Study characteristics
Enhanced Liver Fibrosis Test
No studies were identified that assessed the ELF test as such. However, one study57 evaluated the 
European Liver Fibrosis Test, which was said to be essentially identical to the ELF test except for 
the inclusion of age in the algorithm. This study was, therefore, deemed to meet the inclusion 
criteria. Data from this study have been published in two articles.57,121 The first article, by 
Rosenberg et al.,121 assessed diagnostic test accuracy compared with liver biopsy in patients with 
chronic liver disease, some of whom had ALD. The second article, by Parkes et al.,57 evaluated 
the ability of the test to predict survival and relevant adverse events in the cohort of patients with 
chronic liver disease of various aetiologies enrolled in the original study in English hepatology 
centres. The primary outcome measure used by Parkes et al.57 was the first post-recruitment liver-
related clinical event, defined as liver-related death, ascites, encephalopathy, oesophageal variceal 
haemorrhage confirmed by endoscopy, liver transplantation, or HCC. The presence of varices 
without haemorrhage was not included as an outcome because of the possibility that differences 
in the practice of endoscopy in the different centres may lead to ascertainment bias. Table 11 
provides further details of study design.

At first sight, the data relating to the number of patients with ALD included in the analyses 
by Rosenberg et al.121 and Parkes et al.57 are confusing. One thousand and twenty-one patients 
with chronic liver disease of any aetiology were eligible for inclusion in the original study, and 
921 were recruited. Of these, 621 formed the training or derivation cohort used to identify the 
optimum combination of markers and algorithm (the European Liver Test) which was then 
assessed in the remaining 300 patients (the validation cohort). All 64 patients with ALD were 
included in the validation cohort (Professor William Rosenberg, University College London, 
2010, personal communication). The follow-up study by Parkes et al.57 states that 85 of the 
patients enrolled in the study in English centres alone had ALD (i.e. more patients with ALD 
than were said by Rosenberg et al. to have been included in the original study); this apparent 
discrepancy is attributed to the fact that some patients originally believed to have liver disease 
of a different aetiology were later found to have ALD (Professor William Rosenberg, University 
College London, 2010, personal communication).

FibroTest
Two studies of FibroTest were identified that specifically recruited patients with known or 
suspected ALD. Nguyen-Khac et al.132 evaluated diagnostic test accuracy compared with liver 
biopsy, but did not include the full spectrum of ALD: patients with known or decompensated 
cirrhosis were excluded on the basis that they did not require further investigation. Naveau et 
al.123 compared FibroTest and liver biopsy results in patients hospitalised either for complications 
of cirrhosis or for alcoholism. The study also assessed the ability of FibroTest to predict 5- and 
10-year survival in 218 of the 292 patients (75%) enrolled in the study of test accuracy and 
followed up for a median period of 8.2 years (range 5 days to 11.8 years).124

A further three studies,13,125,126 all by Thabut et al., evaluated FibroTest in patients with liver 
disease of mixed aetiology, including ALD. To avoid any risk of double-counting, clarification 
was obtained from the author that no patient was included in more than one of these studies (Dr 
Dominique Thabut, Hôpital Pitié-Salpêtriére, Paris, 2010, personal communication). One study13 
assessed the ability of FibroTest to identify PHt in patients undergoing transjugular liver biopsy 
for clinical reasons and also compared FibroTest and liver biopsy results in these patients. A 
second study125 assessed its ability to predict the presence of oesophageal varices in patients with 
chronic liver disease. The third study126 assessed FibroTest’s predictive value in relation to survival 
at 2 months and 6 months in patients with severe cirrhosis.

Table 12 provides further details of study design.



34 Assessment of clinical effectiveness

TA
B

LE
 1

1 
C

ha
ra

ct
er

is
tic

s 
of

 in
cl

ud
ed

 a
na

ly
se

s 
of

 th
e 

E
LF

 te
st

 s
tu

dy

St
ud

y
Co

un
tr

y/
ty

pe
 

of
 c

en
tr

e
Re

cr
ui

tm
en

t 
da

te
s

Re
fe

re
nc

e 
st

an
da

rd
 

(fi
br

os
is

 s
ta

gi
ng

 
sy

st
em

)

M
in

im
um

 b
io

ps
y 

le
ng

th
/m

in
im

um
 

nu
m

be
r o

f p
or

ta
l 

tr
ac

ts
/m

ax
im

um
 

tim
e 

be
tw

ee
n 

in
de

x 
an

d 
re

fe
re

nc
e 

te
st

St
ud

y 
de

si
gn

To
ta

l p
at

ie
nt

s 
w

ith
 

AL
D/

to
ta

l s
tu

dy
 

po
pu

la
tio

n
In

cl
us

io
n 

cr
ite

ria
Ex

cl
us

io
n 

cr
ite

ria

Ro
se

nb
er

g 
20

04
12

1

M
ul

tin
at

io
na

l/N
R

19
98

–2
00

0
Li

ve
r b

io
ps

y 
(S

ch
eu

er
 a

nd
 Is

ha
k 

sy
st

em
s,

 m
od

ifi
ed

 
fo

r c
on

di
tio

ns
 o

th
er

 
th

an
 c

hr
on

ic
 v

ira
l o

r 
im

m
un

e 
he

pa
tit

is
)

12
 m

m
/≥

 5
 p

or
ta

l 
tra

ct
s/

te
st

s 
pe

rfo
rm

ed
 

on
 s

am
e 

da
y

Cr
os

s-
se

ct
io

na
l/

pr
os

pe
ct

ive
, 

co
ns

ec
ut

ive

El
ig

ib
le

: 6
4/

10
21

As
se

ss
ed

: 6
4a /3

00

Pa
tie

nt
s 

ag
ed

 1
8–

75
 y

ea
rs

 
du

e 
to

 u
nd

er
go

 li
ve

r b
io

ps
y 

to
 

in
ve

st
ig

at
e 

ch
ro

ni
c 

liv
er

 d
is

ea
se

 
(d

efi
ne

d 
as

 a
bn

or
m

al
 li

ve
r 

fu
nc

tio
n 

te
st

s 
fo

r >
 6

 m
on

th
s)

Di
so

rd
er

s 
as

so
ci

at
ed

 w
ith

 
ex

tra
he

pa
tic

 fi
br

os
is

 (i
nc

lu
di

ng
 

rh
eu

m
at

ic
, r

en
al

, o
r l

un
g 

di
se

as
e)

; C
VD

 o
r c

an
ce

r; 
ad

va
nc

ed
 c

irr
ho

si
s 

w
ith

 e
vid

en
ce

 
of

 d
ec

om
pe

ns
at

io
n 

(C
hi

ld
–

Pu
gh

 c
la

ss
 C

); 
he

pa
to

ce
llu

la
r 

ca
rc

in
om

a;
 d

ru
g-

in
du

ce
d 

liv
er

 d
is

ea
se

; r
eg

ul
ar

 a
sp

iri
n 

co
ns

um
pt

io
n;

 in
ab

ilit
y 

to
 p

ro
vid

e 
in

fo
rm

ed
 c

on
se

nt

Pa
rk

es
 2

01
057

En
gl

an
d/

se
ve

n 
he

pa
to

lo
gy

 
ce

nt
re

s 
in

 
se

co
nd

ar
y 

or
 

te
rti

ar
y 

ca
re

19
98

–2
00

0
Cl

in
ic

al
 o

ut
co

m
es

No
t a

pp
lic

ab
le

Co
ho

rt/
pr

os
pe

ct
ive

, 
co

ns
ec

ut
ive

El
ig

ib
le

: N
R/

NR

As
se

ss
ed

: 8
5/

45
7

Pa
tie

nt
s 

ag
ed

 1
8–

75
 y

ea
rs

 
du

e 
to

 u
nd

er
go

 li
ve

r b
io

ps
y 

to
 

in
ve

st
ig

at
e 

ch
ro

ni
c 

liv
er

 d
is

ea
se

 
(d

efi
ne

d 
as

 a
bn

or
m

al
 li

ve
r 

fu
nc

tio
n 

te
st

s 
fo

r >
 6

 m
on

th
s)

Di
so

rd
er

s 
as

so
ci

at
ed

 w
ith

 
ex

tra
he

pa
tic

 fi
br

os
is

 (i
nc

lu
di

ng
 

rh
eu

m
at

ic
, r

en
al

, o
r l

un
g 

di
se

as
e)

; C
VD

 o
r c

an
ce

r; 
ad

va
nc

ed
 c

irr
ho

si
s 

w
ith

 e
vid

en
ce

 
of

 d
ec

om
pe

ns
at

io
n 

(C
hi

ld
–

Pu
gh

 c
la

ss
 C

); 
he

pa
to

ce
llu

la
r 

ca
rc

in
om

a;
 d

ru
g-

in
du

ce
d 

liv
er

 d
is

ea
se

; r
eg

ul
ar

 a
sp

iri
n 

co
ns

um
pt

io
n;

 in
ab

ilit
y 

to
 p

ro
vid

e 
in

fo
rm

ed
 c

on
se

nt

CV
D,

 c
ar

di
ov

as
cu

la
r d

is
ea

se
; N

R,
 n

ot
 re

po
rte

d.
a 

Pr
of

es
so

r W
illi

am
 R

os
en

be
rg

, U
ni

ve
rs

ity
 C

ol
le

ge
 L

on
do

n,
 2

01
0,

 p
er

so
na

l c
om

m
un

ic
at

io
n.



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Stevenson et al. under the terms of a commissioning contract issued by 
the Secretary of State for Health.

35 Health Technology Assessment 2012; Vol. 16: No. 4DOI: 10.3310/hta16040

TA
B

LE
 1

2 
C

ha
ra

ct
er

is
tic

s 
of

 in
cl

ud
ed

 a
na

ly
se

s 
of

 F
ib

ro
Te

st
 s

tu
di

es

St
ud

y
Co

un
tr

y
Re

cr
ui

tm
en

t 
da

te
s

Re
fe

re
nc

e 
st

an
da

rd
 

(fi
br

os
is

 s
ta

gi
ng

 
sy

st
em

)

M
in

im
um

 b
io

ps
y 

le
ng

th
/m

in
im

um
 

nu
m

be
r o

f p
or

ta
l 

tr
ac

ts
/m

ax
im

um
 

tim
e 

be
tw

ee
n 

in
de

x 
an

d 
re

fe
re

nc
e 

te
st

St
ud

y 
de

si
gn

To
ta

l p
at

ie
nt

s 
w

ith
 

AL
D/

to
ta

l s
tu

dy
 

po
pu

la
tio

n
In

cl
us

io
n 

cr
ite

ria
Ex

cl
us

io
n 

cr
ite

ria

Na
ve

au
 

20
05

12
3

Fr
an

ce
Fe

br
ua

ry
 

19
96

 to
 M

ay
 

20
00

Li
ve

r b
io

ps
y 

(m
od

ifi
ed

 
M

ET
AV

IR
)

M
in

im
um

 le
ng

th
 

an
d 

nu
m

be
r o

f 
po

rta
l t

ra
ct

s 
NR

 
[m

ea
n 

le
ng

th
 

15
 (S

E 
0.

5)
 m

m
; 

m
ea

n 
nu

m
be

r o
f 

po
rta

l t
ra

ct
s 

14
.4

 (S
E 

0.
7)

]/3
1 

da
ys

Cr
os

s-
se

ct
io

na
l/

pr
os

pe
ct

ive
, 

co
ns

ec
ut

ive

El
ig

ib
le

: 2
92

/2
92

As
se

ss
ed

: 2
21

/2
21

Ho
sp

ita
lis

ed
 fo

r c
om

pl
ic

at
io

ns
 o

f 
ci

rrh
os

is
 (j

au
nd

ic
e 

12
%

, a
sc

ite
s 

9%
, d

ig
es

tiv
e 

tra
ct

 h
ae

m
or

rh
ag

e 
3%

) o
r a

lc
oh

ol
is

m
 w

ith
ou

t 
co

m
pl

ic
at

io
ns

 o
f c

irr
ho

si
s 

(7
6%

); 
se

lf-
re

po
rte

d 
da

ily
 

al
co

ho
l c

on
su

m
pt

io
n 

in
 p

re
vio

us
 

ye
ar

 ≥
 5

0 
g 

pu
re

 e
th

an
ol

 (m
ea

n 
14

6 
±

 8
0 

g/
da

y 
fo

r 1
7 

ye
ar

s)
; 

av
ai

la
bl

e 
se

ru
m

 le
ve

ls
; 

‘c
on

si
st

en
t’ 

liv
er

 b
io

ps
y

Co
nc

om
ita

nt
 li

ve
r d

is
ea

se
s 

in
cl

ud
in

g 
he

pa
tit

is
 B

 o
r C

; H
IV

 
an

tib
od

ie
s;

 im
m

un
os

up
pr

es
si

on
; 

se
ru

m
 o

r b
io

ps
y 

un
av

ai
la

bl
e;

 
>

 3
1 

da
ys

 b
et

w
ee

n 
bi

op
sy

 a
nd

 
co

lle
ct

io
n 

of
 s

er
um

Na
ve

au
 

20
09

12
4

Fr
an

ce
As

 a
bo

ve
5-

 a
nd

 1
0-

ye
ar

 
su

rv
iva

l
No

t a
pp

lic
ab

le
Co

ho
rt/

pr
os

pe
ct

ive
, 

co
ns

ec
ut

ive

El
ig

ib
le

: 2
92

/2
92

As
se

ss
ed

: 2
18

/2
18

Ng
uy

en
-K

ha
c 

20
08

13
2

Fr
an

ce
Ap

ril
 2

00
5 

to
 

Ja
nu

ar
y 

20
07

Li
ve

r b
io

ps
y 

(M
ET

AV
IR

)
M

in
im

um
 le

ng
th

 a
nd

 
nu

m
be

r o
f p

or
ta

l 
tra

ct
s 

NR
 (m

ea
n 

le
ng

th
 1

2.
2 

±
 3

 m
m

; 
m

ea
n 

nu
m

be
r 

of
 p

or
ta

l t
ra

ct
s 

7.
8 

±
 2

.7
)/t

es
ts

 
pe

rfo
rm

ed
 o

n 
sa

m
e 

da
y

Cr
os

s-
se

ct
io

na
l/

pr
os

pe
ct

ive
El

ig
ib

le
: 1

60
/1

60

As
se

ss
ed

: 1
03

/1
03

Ag
e 

≥
 1

8 
ye

ar
s;

 a
lc

oh
ol

 in
ta

ke
 

>
 5

0 
g/

da
y 

fo
r >

 5
 y

ea
rs

; 
co

ns
ul

tin
g 

ho
sp

ita
l d

ep
ar

tm
en

t 
of

 h
ep

at
o-

ga
st

ro
en

te
ro

lo
gy

, 
al

co
ho

lis
m

 o
r i

nt
er

na
l m

ed
ic

in
e 

fo
r d

et
ox

ifi
ca

tio
n 

an
d/

or
 

in
pa

tie
nt

 re
ha

bi
lit

at
io

n

Ch
ro

ni
c 

vir
al

 h
ep

at
iti

s 
B 

or
 C

; 
se

ve
re

 A
AH

 (M
ad

dr
ey

 s
co

re
 

≥
 3

2)
; k

no
w

n 
or

 d
ec

om
pe

ns
at

ed
 

al
co

ho
lic

 c
irr

ho
si

s 
(a

sc
ite

s,
 

oe
so

ph
ag

ea
l v

ar
ic

es
, 

pr
ot

hr
om

bi
n 

tim
e 

<
 7

0%
, o

r 
im

ag
in

g 
ev

id
en

ce
 o

f c
irr

ho
si

s)
; 

pr
eg

na
nc

y;
 re

fu
sa

l t
o 

un
de

rg
o 

liv
er

 b
io

ps
y;

 fa
ilu

re
 to

 o
bt

ai
n 

va
lid

 tr
an

si
en

t e
la

st
og

ra
ph

y 
m

ea
su

re
m

en
ts

; a
bs

en
ce

 o
f 

co
ns

en
t

co
nt

in
ue

d



36 Assessment of clinical effectiveness

St
ud

y
Co

un
tr

y
Re

cr
ui

tm
en

t 
da

te
s

Re
fe

re
nc

e 
st

an
da

rd
 

(fi
br

os
is

 s
ta

gi
ng

 
sy

st
em

)

M
in

im
um

 b
io

ps
y 

le
ng

th
/m

in
im

um
 

nu
m

be
r o

f p
or

ta
l 

tr
ac

ts
/m

ax
im

um
 

tim
e 

be
tw

ee
n 

in
de

x 
an

d 
re

fe
re

nc
e 

te
st

St
ud

y 
de

si
gn

To
ta

l p
at

ie
nt

s 
w

ith
 

AL
D/

to
ta

l s
tu

dy
 

po
pu

la
tio

n
In

cl
us

io
n 

cr
ite

ria
Ex

cl
us

io
n 

cr
ite

ria

Th
ab

ut
 

20
03

12
5

Fr
an

ce
NR

En
do

sc
op

y
No

t 
ap

pl
ic

ab
le

/<
 6

 m
on

th
s

Cr
os

s-
se

ct
io

na
l/

co
ns

ec
ut

ive
El

ig
ib

le
: 5

7/
12

0a

As
se

ss
ed

: 5
7/

12
0

Ch
ro

ni
c 

liv
er

 d
is

ea
se

Hi
st

or
y 

of
 li

ve
r t

ra
ns

pl
an

ta
tio

n

Th
ab

ut
 

20
07

a13

Fr
an

ce
Un

sp
ec

ifi
ed

 
8-

m
on

th
 

pe
rio

d

Li
ve

r b
io

ps
y 

(M
ET

AV
IR

), 
HV

PG
 

m
ea

su
re

m
en

t

M
in

im
um

 le
ng

th
 a

nd
 

nu
m

be
r o

f p
or

ta
l 

tra
ct

s 
NR

/te
st

s 
pe

rfo
rm

ed
 o

n 
sa

m
e 

da
y

Cr
os

s-
se

ct
io

na
l/

pr
os

pe
ct

ive
, 

co
ns

ec
ut

ive

El
ig

ib
le

: N
R/

14
7

As
se

ss
ed

: 6
6/

13
0

Un
de

rg
oi

ng
 tr

an
sj

ug
ul

ar
 li

ve
r 

bi
op

sy
 fo

r c
lin

ic
al

 re
as

on
s

Hi
st

or
y 

of
 li

ve
r t

ra
ns

pl
an

ta
tio

n;
 

ca
rd

ia
c 

he
pa

to
pa

th
y;

 p
re

-
si

nu
so

id
al

 a
nd

 e
xt

ra
he

pa
tic

 P
Ht

; 
re

na
l d

is
ea

se

Th
ab

ut
 

20
06

12
6

Fr
an

ce
NR

Su
rv

iva
l a

t 2
 m

on
th

s 
an

d 
6 

m
on

th
s

No
t a

pp
lic

ab
le

Cr
os

s-
se

ct
io

na
l/

pr
os

pe
ct

ive
El

ig
ib

le
: N

R/
NR

As
se

ss
ed

: 1
75

/2
24

a

Se
ve

re
 c

irr
ho

si
s;

 e
nr

ol
le

d 
in

 
pl

ac
eb

o-
co

nt
ro

lle
d 

tri
al

 o
f 

pe
nt

ox
ify

llin
e 

(T
re

nt
al

®
, S

an
ofi

-
Av

en
tis

)

NR

NR
, n

ot
 re

po
rte

d.
a 

Dr
 T

hi
er

ry
 P

oy
na

rd
, H

ôp
ita

l P
iti

é-
Sa

lp
êt

rié
re

 2
01

0,
 p

er
so

na
l c

om
m

un
ic

at
io

n.

TA
B

LE
 1

2 
C

ha
ra

ct
er

is
tic

s 
of

 in
cl

ud
ed

 a
na

ly
se

s 
of

 F
ib

ro
Te

st
 s

tu
di

es
 (c

on
tin

ue
d)



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Stevenson et al. under the terms of a commissioning contract issued by 
the Secretary of State for Health.

37 Health Technology Assessment 2012; Vol. 16: No. 4DOI: 10.3310/hta16040

FibroMAX
No relevant studies of FibroMAX were identified.

FibroScan
Six studies117,118,122,127,128,132 were identified that specifically recruited patients with known or 
suspected ALD and assessed the diagnostic test accuracy of FibroScan relative to liver biopsy in 
these patients. In the studies by Kim et al.,127 Mueller et al.,118 Nahon et al.128 and Nguyen-Khac 
et al.,132 all patients who underwent FibroScan were also biopsied. However, in the studies by 
Janssens et al.117 and Melin et al.,122 biopsy was only undertaken in a subset of patients who 
underwent FibroScan. Janssens et al.117 used FibroScan to identify those patients requiring 
alcohol detoxification or rehabilitation who had a score of ≥ 9.5 kPa; this threshold was chosen 
as it was thought to be indicative of severe fibrosis (F3–F4). Data relating to the test accuracy 
of FibroScan compared with biopsy and HVPG were therefore available only for patients with 
a FibroScan score of ≥ 9.5 kPa who then consented to liver biopsy and in whom both tests were 
conducted successfully. Similarly, Melin et al.122 sought to compare the accuracy of FibroScan 
with biopsy in patients being treated for alcohol withdrawal who had a FibroScan score higher 
than 13 kPa; this threshold was apparently chosen because it was considered to be the appropriate 
threshold for the diagnosis of cirrhosis in patients with hepatitis C. Only 41 patients met this 
criterion; three of these refused biopsy and a further three had contraindications to biopsy.

A further three studies97,129,130 evaluated the diagnostic test accuracy of FibroScan in patients with 
liver disease of mixed aetiology, including ALD. Bureau et al.129 studied the ability of FibroScan 
to predict significant PHt in patients undergoing transjugular liver biopsy for clinical reasons. 
Lemoine et al.97 and Nguyen-Khac et al.130 both specifically recruited patients with cirrhosis. 
Lemoine et al.97 assessed the ability of FibroScan relative to HVPG measurement to predict 
significant PHt in patients with compensated cirrhosis, whereas Nguyen-Khac et al.130 assessed its 
ability relative to upper intestinal endoscopy to predict the presence of large oesophageal varices 
in patients with cirrhosis of unspecified severity.

Table 13 provides further details of study design.

Study quality
Figures 5–9 provide an overview of the methodological quality of the included studies.

As may be seen, few studies presented results relating to a representative spectrum of patients 
suspected of having ALD. The majority recruited patients with relatively severe disease. Bureau 
et al.,129 Rosenberg et al.121 and Thabut et al. 2007a13 recruited patients who were due to undergo 
liver biopsy for clinical reasons, whereas Lemoine et al.,97 Nguyen-Khac et al.130 and Thabut 
et al. 2007b126 recruited patients known to have cirrhosis, Naveau et al.123 recruited patients 
hospitalised for complications of cirrhosis or alcoholism, and Mueller et al.118 and Thabut et al. 
2003126 recruited those known to have, rather than suspected of having, chronic liver disease. Two 
studies, those by Janssens et al.117 and Melin et al.,122 recruited more representative populations, 
but displayed partial verification bias, using the reference standard only in patients scoring above 
a specific threshold on the index test (FibroScan in both cases).

In studies of test accuracy, it is clearly important that the interval between the performance of the 
index and reference tests should be as short as possible, to minimise the possibility of the patient’s 
condition altering significantly between the tests. However, several studies allowed a delay of 
> 2 weeks between the index test and reference standard. Naveau et al.123 allowed an interval of up 
to 1 month, whereas Kim et al.127 allowed the interval between transient elastography and liver 
biopsy to be as much as 92 days, and Thabut et al. 2003125 included patients in whom endoscopy 
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was performed up to 6 months before or after FibroTest, although in this case the mean interval 
was only 5 days.

In approximately half of the included studies, it was not clear whether the reference standard 
results were interpreted without knowledge of the results of the index test (‘reference standard 
results blinded’) and vice versa (‘index test results blinded’). The remaining studies stated that 
blinding was used for either one or both tests. The index test was usually well described, but 
in many cases the execution of the reference standard was not described in sufficient detail to 
permit replication of the test precisely as performed by the study investigators.

FIGURE 5 The ELF test: methodological quality summary. Review authors’ judgements about each methodological 
quality item. −, no; +, yes; ?, unclear.

FIGURE 6 FibroTest: methodological quality graph. Review authors’ judgements about each methodological quality 
item presented as percentages across all included studies.
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Uninterpretable/intermediate results were generally poorly reported. Two studies, Rosenberg 
et al.’s121 study of the ELF test and Lemoine et al.’s97 FibroScan study, stated that patients were 
recruited prospectively and consecutively, and reported no uninterpretable/intermediate results, 
implying that there were none. Bureau et al.’s129 FibroScan study reported the overall number of 
uninterpretable results, but did not specify how many related to patients with ALD; it is not clear 
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FIGURE 7 FibroTest: methodological quality summary. Review authors’ judgements about each methodological quality 
item for each included study. −, no; +, yes; ?, unclear.

FIGURE 8 FibroScan: methodological quality graph. Review authors’ judgements about each methodological quality 
item presented as percentages across all included studies.
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whether or not they were included in the analyses. Janssens et al.,117 Kim et al.,127 Melin et al.,122 
Mueller et al.,118 Nahon et al.128 and Nguyen-Khac et al.132 all reported the number of instances of 
FibroScan failure (i.e. no or uninterpretable results), but did not include them in their analyses. 
As none stated how many of these failures occurred in patients who tested positive and how 
many in patients who tested negative by the reference standard, their impact on test sensitivity 
and specificity could not be calculated.

The three tests for which evidence has been identified vary in the extent to which that evidence 
is independent of the test manufacturer. There is no wholly independent evidence relating to 
the ELF test: one of the investigators, Professor William Rosenberg, is the founder of, and holds 
stocks in, iQur Ltd, which holds a limited licence to conduct ELF assays on behalf of Siemens 
Healthcare Diagnostics.57 Only one of the studies of FibroTest, that by Nguyen-Khac et al.,132 
appears to be independent. The remaining studies include in their authorship Thierry Poynard, a 
major stockholder in, and Mona Munteanu, an employee of, the manufacturers, BioPredictive.125 
However, six of the nine studies that provided data relating to FibroScan97,117,128–130,132 stated that 
the authors had no conflicts of interest in relation to the work; of the studies that did not include 
such a declaration, that by Mueller et al.118 stated that it was funded from independent sources, 
and only the studies by Kim et al.127 and Melin et al.122 contained no relevant information on 
this point.
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item for each included study. −, no; +, yes; ?, unclear.



44 Assessment of clinical effectiveness

Two further indices of methodological quality proposed by Tsochatzis et al.138 were not included 
in the QUADAS checklist as they were not applicable to all of the included studies. These were:

 ■ whether studies that used liver biopsy as the reference standard reported that it was 
performed to an acceptable standard (i.e. the specimen was at least 15 mm long and included 
at least six portal tracts)

 ■ whether studies of FibroScan reported that it was performed in accordance with the 
manufacturer’s instructions, i.e. using at least 10 valid shots, with a success rate (ratio of 
valid shots to total number of shots) of at least 60%, and an interquartile range < 30% of the 
median value.79

Only one study that used liver biopsy as a reference standard reported using adequate criteria; 
this was the study by Janssens et al.117 This was also one of only two studies which clearly stated 
that FibroScan was performed either in accordance with the manufacturer’s instructions or, in 
the case of the study by Lemoine et al.,97 using more stringent criteria. The remaining studies 
failed either to meet or, more frequently, to report one or more of the standards (for details, 
see Table 14).

Assessment of diagnostic and prognostic accuracy
Enhanced Liver Fibrosis Test: diagnostic and prognostic accuracy 
results
The evidence base for the ELF test is small, resting on a single study of the European Liver 
Fibrosis Test carried out in a population with chronic liver disease that included < 100 patients 
diagnosed with ALD. Moreover, the quality of that evidence is not ideal as liver biopsy was not 
performed to an acceptable standard (see Study quality).

This limited evidence suggests that the ELF test can generally distinguish patients with moderate-
to-severe fibrosis (Scheuer stages 3–4) from those with milder or no fibrosis (Scheuer stages 0–2) 
in patients with ALD. Using a low threshold score of 0.087, the test showed 100% sensitivity, but 
only 16.7% specificity. Ninety-three per cent sensitivity and 100% specificity were achieved using 
a threshold score of 0.431 (Table 15). These threshold scores appear to have been derived from 
the AUROCs after data collection, rather than prospectively selected and validated. As the the 
investigators note, because the results rest on data from so few patients, the resulting positive and 
negative predictive values should be interpreted with caution.121

TABLE 14 FibroScan: reported compliance with manufacturer’s instructions

Study ≥ 10 valid shots Success rate > 60%
Interquartile range < 30% of 
median LSM value

Bureau 2008129 Yes Yes NR

Janssens 2010117 Yes Yes Yes

Kim 2009127 Yes No (≥ 30%) NR

Lemoine 200897 Yes Yes (≥ 70%) Yes

Melin 2005122 No (< 10) NR NR

Mueller 2010118 Yes Yes No (< 40%)

Nahon 2008,128 Nahon 2007131 Yes No (≥ 50%) NR

Nguyen-Khac 2008132 Yes Yes NR

Nguyen-Khac 2009130 NR NR NR

NR, not reported.
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46 Assessment of clinical effectiveness

The ELF test appears to be less successful in distinguishing patients with probable or definite 
cirrhosis (Scheuer stage 4) from those with milder or no fibrosis (Scheuer stages 0–3) (see 
Table 15). As this result was only presented in the form of an AUROC, the sensitivity and 
specificity associated with a specific threshold score or scores could not be calculated. Discordant 
results were not discussed for either fibrosis range.

The evidence relating to the prognostic accuracy of the ELF is derived from data from 85 patients 
with ALD who were enrolled in the European Liver Fibrosis Test study in English centres 
and were followed up over a median period of 6.86 years (range 0–9 years). Thus, as for test 
accuracy, the evidence base is very small. During the follow-up period, 27 patients (32%) died 
of liver-related causes, a further seven (8%) suffered non-fatal liver-related clinical events, and 
seven (8%) died of non-liver-related causes.57 Again, results are only presented in the form of an 
AUROC. Although this suggests that the ELF is predictive both of liver-related clinical outcomes 
and of all-cause mortality (for details, see Table 15), it should be noted that the sensitivity and 
specificity associated with a specific threshold score or scores could not be calculated and, more 
importantly, no information was presented on post-test alcohol consumption, although is likely 
to have been a substantial confounding factor.

FibroTest: diagnostic and prognostic accuracy results
The evidence base for FibroTest, although more substantial than that for the ELF test, derives 
from a total of only 622 patients enrolled in five small to medium-sized studies; although the 
evidence for test accuracy relative to liver biopsy is derived from a total of only 390 patients 
enrolled in three of those studies, none of which state that they stipulated a minimum biopsy 
length of 15 mm.

The available evidence suggests that FibroTest can distinguish between patients with cirrhosis and 
those with METAVIR stage F0–F3 fibrosis, and, with lesser accuracy, between those with stage 
F2–F4 and stage F0–F1 fibrosis, and between those with stage F3–F4 and stage F0–F2 fibrosis 
(Table 16). However, not only are these conclusions based on data from only three relatively small 
studies,13,123,132 in which some biopsy samples may not have met the recommended minimum 
standards, as noted above, but the prevalence of the condition of interest was high in each of the 
three studies, ranging from 63% to 98% for METAVIR stage F2–F4 fibrosis, 51% for METAVIR 
stage F3–F4 fibrosis, and from 31% to 92% for cirrhosis.

The largest study of test accuracy relative to liver biopsy, that by Naveau et al.,123 also had the 
most representative population in that it included the lowest proportion of patients with F2–F4 
fibrosis. It explored the impact of different threshold scores on sensitivity and specificity. At a 
threshold score of 0.30, FibroTest had reasonable sensitivity, but rather disappointing specificity 
in relation to moderate-to-severe (F2–F4) fibrosis; this situation was reversed when the threshold 
score was raised to 0.70. For cirrhosis, a threshold score of 0.30 produced 100% sensitivity but 
only 50% specificity, and the balance was improved using a threshold score of 0.70 (for details, 
see Table 16). Thabut et al. 2007a13 found that, at a threshold of 0.48, the specificity of FibroTest in 
relation to moderate-to-severe (F2–F4) fibrosis was 0% because the prevalence of that condition 
in the study population, as indicated by liver biopsy, was 98%. Similarly, although FibroTest 
displayed a sensitivity of 95% for the diagnosis of F2–F4 fibrosis, this result is not robust because 
92% of the study population had biopsy results indicative of cirrhosis. The third study of test 
accuracy relative to liver biopsy, that by Nguyen-Khac et al.,132 did not indicate what diagnostic 
thresholds were used; it did not report sensitivity and specificity, and the underlying data that 
would have allowed them to be calculated could not be obtained.

Both Naveau et al.123 and Thabut et al. 2007a13 provided some discussion of discordant cases. 
Naveau et al.123 reported a discordance of two or more fibrosis stages in 19% of assessed patients 
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(42/221). On the basis of independent clinical, ultrasonographical, and endoscopic signs of 
cirrhosis, they attributed the error to the biopsy in 26 cases (14 FNs and 12 FPs), and to FibroTest 
in 13 cases (six FNs and seven FPs); three cases were unattributable.123 Eighteen of the 42 
discordant cases involved diagnoses of cirrhosis: three FNs and three possible FPs of FibroTest, 
three FPs and eight possible FNs of biopsy (the eight FNs of biopsy were all in poor-quality 
samples), and one unattributable case diagnosed as cirrhosis by FibroTest but not by biopsy.123

Thabut et al. 2007a13 attributed discordant cases to failure of biopsy or FibroTest on the basis 
of clinical events (haemorrhage, ascites) and risk factors for FibroTest failure. Four of the 61 
patients with cirrhosis (7%) had FN results on FibroTest; all had large ascites and low alpha-2-
macroglobulin. No other discordant results were reported.13

Two small studies by Thabut et al. (2007a and 2003),13,125 which included only 66 and 58 patients 
with ALD, respectively, suggest that FibroTest can also distinguish between patients with and 
without PHt and, with less accuracy, between those with and without oesophageal varices. 
However, these studies were also carried out in populations with a high prevalence of those 
conditions, and indeed the investigators noted that, as 86% of the population of Thabut et al.’s 
2007a study13 had HVPG results indicating clinically significant PHt (HVPG > 12 mmHg), the 
study findings should not be used as a basis for recommending the use of FibroTest alone to 
predict severe PHt in cirrhotic patients.

The study by Naveau et al.124 and, to a lesser extent, that by Thabut et al. 2007b126 suggest that 
FibroTest may also be able, with relatively low accuracy, to predict liver-related mortality and 
all-cause mortality (see Table 16). In Naveau et al.’s124 cohort study, 85 patients (39%) died during 
the follow-up period: 42 (19%) of liver-related causes (haemorrhage, HCC, and decompensation) 
and 43 (20%) of non-liver-related causes. FibroTest was predictive of survival or non-liver-
related mortality and, to a lesser degree, of overall mortality (for details, see Table 16). Details of 
5- and 10-year survival according to baseline FibroTest values are presented in Tables 17 and 18. 
The baseline FibroTest and biopsy results were concordant for 38 (90%) of the 42 liver-related 
deaths (29 with cirrhosis, nine without cirrhosis) and discordant for only four (10%; two FPs of 
FibroTest, and one FP and one FN of biopsy).124

Naveau et al.’s124 cohort study also provided information on subsequent alcohol consumption 
in patients enrolled in their 2005 study of test accuracy.124 Only 21% (46/218) were known to 
be abstinent during the follow-up period; 50% (108/218) were not abstinent, and the status of 
the remaining 29% (64/218) was not known.124 Unfortunately, the authors did not link these 
data with test results, and thus it was not possible to determine whether or not the test results 
had an impact on subsequent alcohol consumption, or whether or not alcohol consumption 
affected survival.

FibroScan: diagnostic accuracy results
The evidence base for FibroScan is slightly larger than that for FibroTest, deriving from a total of 
approximately 868 patients enrolled in nine small to medium-sized studies (the total number of 
participants is approximate because, as indicated in Table 13, it is not always clear how many of 
the eligible patients were in fact assessed). The evidence for test accuracy relative to liver biopsy 
is derived from a total of only 480 patients enrolled in the studies by Janssens et al.,117 Kim et 
al.,127 Melin et al.,122 Mueller et al.,118 Nahon et al.,128 and Nguyen-Khac et al.132 In only one of 
these, that by Janssens et al.,117 are the liver biopsy samples known to have met the recommended 
minimum standards.

The evidence that FibroScan can distinguish patients with METAVIR stage F1–F4 fibrosis from 
those without fibrosis (F0), and those with F2–F4 fibrosis from those with stage F0–F1, is not 
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robust, being based on only one fairly small study by Nguyen-Khac et al.132 in a population 
with a high prevalence of stage F2–F4 fibrosis. However, there is more substantial evidence that 
FibroScan can distinguish patients with stage F3–F4 from those with stage F0–F2 fibrosis, and 
those with cirrhosis from those with stage F0–F3 fibrosis (Table 19).

The data presented in Table 19 illustrate the impact of different threshold scores on the sensitivity 
and the specificity of FibroScan. Castéra et al.81 originally suggested that, in patients with chronic 
hepatitis C, the optimal FibroScan threshold values for the identification of significant (F2–F4) 
fibrosis, advanced (F3–F4) fibrosis, and cirrhosis (F4) were 7.1, 9.5, and 12.5 kPa, respectively 
(Table 20). These values were used by some of the studies included in this review and were found 
to be less appropriate for use in patients with ALD. Melin et al.122 achieved 100% sensitivity using 
a threshold score of 13 kPa to identify cirrhosis in patients with ALD, but could not estimate 
the specificity associated with this threshold because patients with a score < 13 kPa did not 
undergo liver biopsy. Other investigators specifically sought to identify the optimal threshold 
scores for use in patients with ALD (see Table 19). Janssens et al.117 noted that, in such patients, 
the threshold score of 9.5 kPa proposed for hepatitis C had 100% sensitivity for identifying 
severe (F3–F4) fibrosis, but a PPV of only 65%; it overestimated the degree of fibrosis in 17 of 
the 49 patients (35%) who underwent liver biopsy, and in all but one of them did so by two 
or more stages. Janssens et al.,117 therefore, suggested that more appropriate thresholds for the 
identification of severe (F3–F4) fibrosis in ALD would lie between 15.8 and 17.3 kPa. They 
did not report the sensitivity and the specificity of a threshold score of 12.5 kPa for identifying 
cirrhosis (F4) in patients with ALD, but suggested that a more appropriate threshold would 
lie between 19.6 and 23.5 kPa, the exact choice depending on the preferred balance between 
sensitivity and specificity.117 This study was not ideally designed to establish specificity because 
biopsy was offered only to patients with a FibroScan score of ≥ 9.5 kPa.

TABLE 17 Five-year survival in patients with ALD, by baseline FibroTest value (after Naveau S, Gaudé G, 
Asnacios A, Agostini H, Abella A, Barri-Ova N, et al. Diagnostic and prognostic values of noninvasive biomarkers 
of fibrosis in patients with alcoholic liver disease. Hepatology 2009;49:97–105.) Reproduced with permission from 
John Wiley & Sons.

Baseline FT value n
Liver-related 
death

Survival or non-liver-related 
death (%) (95% CI)

Death, any 
cause

Overall survival (%)  
(95% CI)

0.00–0.31 81 1 98.7 (96.0 to 100) 9 88.9 (82.0 to 95.7)

0.32–0.58 43 3 92.1 (83.5 to 100) 7 83.4 (72.1 to 94.6)

0.59–1.00 94 28 68.3 (58.5 to 78.0) 39 58.4 (48.4 to 68.4)

All 218 32 84.5 (79.5 to 89.4) 55 74.7 (68.9 to 80.5)

FT, FibroTest.

TABLE 18 Ten-year survival in patients with ALD, by baseline FibroTest value (after Naveau S, Gaudé G, Asnacios 
A, Agostini H, Abella A, Barri-Ova N, et al. Diagnostic and prognostic values of noninvasive biomarkers of fibrosis in 
patients with alcoholic liver disease. Hepatology 2009;49:97–105) Reproduced with permission from John Wiley & Sons.

Baseline FT value n
Liver-related 
death

Survival or non-liver-related 
death: (%) (95% CI)

Death, any 
cause

Overall survival (%)  
(95% CI)

0.00–0.31 81 5 92.0 (84.9 to 99.0) 21 71.4 (60.7 to 82.2)

0.32–0.58 43 4 87.5 (75.5 to 99.5) 12 69.8 (55.2 to 84.4)

0.59–1.00 94 32 62.6 (52.2 to 73.1) 50 42.4 (31.1 to 53.6)

All 218 41 78.5 (72.4 to 84.6) 83 58.8 (51.7 to 65.9)

FT, FibroTest.
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Three studies discussed discordant results.97,117,128 Nahon et al.128 found that, relative to biopsy, 
FibroScan underestimated and overestimated the degree of fibrosis in approximately equal 
proportions of patients. Fourteen per cent (11/79) of those with histologically proven cirrhosis 
had FibroScan scores < 22.6 kPa, whereas 16% (11/68) of those with FibroScan scores > 22.6 kPa 
had biopsy results that did not indicate cirrhosis, although the majority (10/11) displayed 
extensive fibrosis. Janssens et al.117 found that FibroScan overestimated the degree of fibrosis in 
7 of the 11 patients with severe steatosis (by two stages in five patients and by one stage in two 
patients). Of the six patients in the study with alcoholic hepatitis, FibroScan classified three as 
having cirrhosis, although their biopsy results indicated F3 fibrosis. In two of the remaining 
three, both FibroScan and biopsy results indicated cirrhosis, thus removing the potential for 
overestimation by FibroScan. Finally, Lemoine et al.97 noted one discordant case in a 70-year-
old patient who had been totally abstinent from alcohol for 12 months and had no histological 
indication of alcoholic hepatitis. The patient’s FibroScan score was 38.10 ± 10 kPa, suggestive of 
PHt, although his HVPG measurement was only 8 mmHg.

Like Janssens et al.,117 Mueller et al.118 found that in patients with inflammatory hepatitis, liver 
stiffness was increased independently of the degree of fibrosis. They, therefore, found that the 
diagnostic accuracy of FibroScan improved when patients with laboratory signs of alcoholic 
steatohepatitis [i.e. serum glutamic oxaloacetic transaminase (SGOT) levels above 100 units/
litre (U/L)] were excluded. When patients with only mildly elevated SGOT (> 50 U/L) were 
excluded, diagnostic accuracy improved in relation to F3–F4 fibrosis, but not in relation to 
F4 (cirrhosis) (Table 21).

Three small studies97,117,129 suggest that FibroScan can generally distinguish between patients with 
and without PHt, whereas one smallish study130 suggests that it can distinguish with less success 
between patients with and without large oesophageal varices (see Table 19).

TABLE 20 Optimal liver stiffness cut-off values for the diagnosis of fibrosis in patients with chronic hepatitis C (from 
Castéra et al.81)

Degree of fibrosis
Optimal cut-off 
(kPa) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

F2–F4 7.1 67 89 95 48

F3–F4 9.5 73 91 87 81

F4 12.5 87 91 77 95

NPV, negative predictive value; PPV, positive predictive value.

TABLE 21 Diagnostic accuracy of FibroScan in patients with suspected ALD, with and without those with elevated 
SGOT (from Mueller et al.118)

Disease severity and  
SGOT status

Included 
patients (n) AUROC Standard error

Threshold 
value (kPa) Sensitivity (%) Specificity (%)

F4 101 0.921 0.03 11.5 100 77

12.5 96 80

F4 without SGOT > 100 U/L 86 0.944 0.02 11.5 100 84

12.5 95 90

F4 without SGOT > 50 U/L 66 0.945 0.03 10.4 100 87

12.5 92 91

F3–F4 101 0.914 0.03 8.0 91 75

F3–F4 without SGOT > 100 U/L 80 0.922 0.03 8.0 87 87

F3–F4 without SGOT > 50 U/L 67 0.946 0.03 8.0 100 84
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There are no long-term data relating FibroScan results to survival or other clinical outcomes.

Adverse events and failure rates
The Enhanced Liver Fibrosis Test and FibroTest: failure rates and 
adverse events
Both the ELF test and FibroTest use blood samples obtained by standard venepuncture. None 
of the included studies reported adverse events relating to this process. However, a systematic 
review of studies of adverse events in adults undergoing simple venepuncture for diagnostic 
or screening purposes indicates that between 14% and 45% of patients undergoing such 
venepuncture suffer pain and bruising, whereas between 0.9% and 3.4% suffer vasovagal 
reactions. Potentially disabling nerve injuries occur but, fortunately, appear to be very rare (for 
full details, see Appendix 8).

There are no data relating to test failure rates for the ELF test or FibroTest specifically in patients 
with ALD. The only relevant data come from Naveau et al.’s study123 of FibroTest in which, for 
unspecified reasons, serum samples were unavailable for 17% (50/292) of the enrolled patients. 
In Rosenberg et al.’s study121 of the ELF test, 4.4% (45/1021) of patients overall had incomplete 
clinical details or biochemical samples, compared with 5.6% (55/976) whose biopsy samples were 
considered inadequate; figures relating specifically to patients with ALD were not presented.

FibroScan: failure rates and adverse events
Only two of the included studies commented on the acceptability of FibroScan to patients.117,132 
Janssens et al.117 found that only 2% (5/255) of patients entering hospital for alcohol detoxification 
and rehabilitation refused FibroScan, whereas 29% (21/72) of those with FibroScan results 
indicative of severe fibrosis or cirrhosis-refused liver biopsy. However, Nguyen-Khac et al.132 
found that 34% (55/160) of patients refused to participate in their study, which involved both 
transient elastography and venepuncture; it is not clear whether this reluctance to participate 
related specifically to one or other of those interventions, or to the perceived inconvenience of 
undergoing both.

Some studies reported the proportion of patients with ALD in whom FibroScan was 
unsuccessful: this ranged between 4.4% and 8.6% (Table 22). Other studies reported the number 
of potential participants who were excluded because of either failure to obtain a valid result or the 
presence of obesity or other factors likely to affect FibroScan performance. In the study by Kim 
et al.,127 11.8% of patients were excluded because of the factors likely to affect test performance. 

TABLE 22 Proportion of patients with ALD in whom FibroScan was either thought inappropriate or was unsuccessful

Study
Exclusion criteria that might affect 
FibroScan performance 

FibroScan unsuccessful: patients 
with ALD (%) Reasons for failure

Janssens 2010117 None reported 11/250 (4.4) Obesity or ascites

Kim 2009127 BMI ≥ 30; probability of successful 
testing < 30%: 6/51 (11.8%) 
excluded for these reasons

None reported None reported

Lemoine 200897 None reported None reported None reported

Melin 2005122 None reported 18/245 (7.3) Obesity

Mueller 2010118 None reported 5/106 (4.7) Measurements invalid or interquartile 
range > 40%

Nahon 2008128 None reported 15/174 (8.6) Results inadequate; no reason given

Nguyen-Khac 2008132 Failure to obtain valid measurements: 
2/105 (1.9%) excluded, no more 
specific reason given

None reported None reported

Nguyen-Khac 2009130 None reported None reported None reported
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Although obesity is the most frequently reported reason for FibroScan failure, Bureau et al.129 
found that one-third of test failures (2/6) in patients with liver disease of varied aetiology could 
not be attributed to obesity; their cause remained unclear.

Two studies that sought specifically to identify the features associated with successful FibroScan 
use did not meet the review’s inclusion criteria, but nonetheless provide useful information in 
this context.79,139 The largest prospective study of this nature, by Castéra et al.,79 assessed 13,369 
examinations performed by seven operators over a 5-year period in 7261 adult patients with 
chronic liver disease of varied aetiology. It recorded the prevalence of failure of LSM (defined, 
in accordance with the manufacturer’s recommendation, as failure to obtain any value after 
at least 10 shots) and unreliable results (defined, again in accordance with the manufacturer’s 
recommendations, as < 10 successful shots, a success rate < 60%, or an interquartile range 
> 30% of the median value). In 18.4% of examinations (2466/13,369), valid results could not be 
obtained. LSM failed in 3.1% (420/13,369), whereas in 15.8% (2046/12,949) of the remaining 
examinations the results were deemed unreliable. Although the number of patients in whom 
FibroScan could be used successfully could be increased with repeated examinations, there 
remained some for whom it was impossible to obtain either any result or a reliable result after five 
attempts (Table 23).79

Castéra et al.79 found that the factor most strongly associated with both test failure and unreliable 
results at the first FibroScan examination was a BMI > 30 kg/m2 (Table 24); the rates of both 
failure and unreliable results increased in parallel with the BMI (Table 25). The rates of both 
failure and unreliable results were also substantially raised when the operator had performed 
< 500 examinations (Table 26). Such a high threshold was chosen to define operator experience 
because all the operators who participated in the study had already performed at least 100 
FibroScan examinations. The failure rate ranged from 0.2% in lean young non-diabetic patients to 
20.9% in elderly obese diabetic patients, while the rate of unreliable results ranged from 7.2% in 
lean young men without diabetes or hypertension to 60.4% in elderly obese women with diabetes 
and hypertension.

In a smaller study, Kettaneh et al.139 failed to achieve the manufacturer’s recommendation of at 
least 10 successful LSMs in 8.4% (79/935) of patients with chronic hepatitis C. They found that 
success was directly related to increased operator experience, and inversely related to both patient 
age and patient BMI. However, with hindsight, they suggested that the limiting factor was not 
so much BMI per se as the presence of a fatty thoracic belt that made it technically impossible to 
obtain accurate results.

A pilot study conducted specifically in patients with a BMI of ≥ 30 kg/m2 found that the use of 
the XL specialised probe, which can measure to a depth of 35–75 mm below the skin surface, 
reduced rates of failure and unreliable results. However, even with this probe, no value could be 
obtained in 12% of patients and the recommended standard of at least 10 valid measurements 

TABLE 23 Effect of repeated examinations on rate of failure of LSM or unreliable results (data from Castéra et al.79)

Number of examinations undergone by 
patient 

Percentage of patients with

LSM failure Unreliable results

1 4.0 17.0

2 2.4 15.2

3 2.2 14.5

4 1.2 14.3

5 1.2 9.6
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TABLE 24 Factors independently associated with failure of LSM or unreliable results at first FibroScan examination 
(data from Castéra et al.79)

Factor Odds ratio 95% CI p-value

Failure of LSM

BMI > 30 kg/m2 7.5 5.6 to 10.2 0.0001

Operator experience < 500 examinations 2.5 1.6 to 4.0 0.0001

Age > 52 years 2.3 1.6 to 3.2 0.0001

Type 2 diabetes (fasting serum glucose > 5.6 mmol/L or ongoing anti-
diabetic treatment)

1.6 1.1 to 2.2 0.009

Unreliable results 

BMI > 30 kg/m2 3.3 2.8 to 4.0 0.0001

Operator experience < 500 examinations 3.1 2.4 to 3.9 0.0001

Age > 52 years 1.8 1.6 to 2.1 0.0001

Female gender 1.4 1.2 to 1.6 0.0001

Hypertension (defined as ongoing hypertensive pharmacological 
treatment) 

1.3 1.1 to 1.5 0.003

Type 2 diabetes (fasting serum glucose > 5.6 mmol/L or ongoing anti-
diabetic treatment)

1.2 1.0 to 1.5 0.05

TABLE 25 Rates of LSM failure and unreliable results at first FibroScan examination, by BMI (data from Castéra et al.79)

BMI (kg/m2) LSM failure (%) (n) Unreliable results (%) (n)

< 25 1.0 (4172) 12.0 (4130)

≥ 25 8.1 (3089) 24.3 (2838)

≥ 28 12.4 (1568) 31.2 (1373)

≥ 30 16.9 (967) 35.4 (804)

≥ 35 24.9 (225) 39.1 (169)

≥ 40 41.7 (40) 53.6 (28)

TABLE 26 Rates of LSM failure and unreliable results, by operator experience (data from Castéra et al.79)

Operator experience LSM failure Unreliable results

< 500 examinations (%) 8.3 30.5

> 500 examinations (%) 3.5 15.6

p-value < 0.0001 < 0.0001

could be achieved in only 76%.140 These findings are particularly important in the light of the 
high proportion of the UK population with a BMI of ≥ 30 kg/m2 or a raised waist circumference 
(see Chapter 1, Incidence and prevalence).

Discussion of clinical effectiveness
Diagnostic and prognostic accuracy
Summary of diagnostic and prognostic accuracy of the Enhanced 
Liver Fibrosis Test
No studies were identified that specifically assessed the ELF test. One study121 (n = 64 
patients) evaluated the diagnostic accuracy of the European Liver Fibrosis Test (essentially 
the ELF test with the addition of age to the algorithm) relative to liver biopsy, in identifying 
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moderate-to-severe fibrosis and cirrhosis in patients with known or suspected ALD. The study 
found that, at a threshold of 0.431, the ELF test identified moderate-to-severe fibrosis with a 
sensitivity of 93% (95% CI 87% to 97%) and a specificity of 100% (95% CI 93% to 100%). The 
sensitivity and specificity for cirrhosis were not reported, but were presumably lower: the point 
estimate of the AUROC for cirrhosis was lower than that for moderate-to-severe fibrosis (0.83 vs 
0.94), although the CIs overlapped. As the evidence base is very small, and acceptable minimum 
standards were not used for the biopsy sample, these findings are not robust.

A follow-up study57 (n = 85 patients) suggested that the test had a predictive value in relation to 
both liver-related clinical outcomes and all-cause mortality, but did not report sensitivity and 
specificity. Again, the findings are not robust because the evidence base is so small.

Summary of diagnostic and prognostic accuracy of FibroTest
Three studies13,123,132 assessed the diagnostic and prognostic accuracy of FibroTest in identifying 
moderate-to-severe fibrosis and cirrhosis in patients with known or suspected ALD (n = 390 
patients). The largest of these studies, that by Naveau et al.123 (n = 221 patients), also had the most 
representative population. The study found that, using a threshold score of 0.30, FibroTest could 
identify moderate-to-severe (F2–F4) fibrosis with a sensitivity of 84% (95% CI 78% to 90%) and a 
specificity of 66% (95% CI 55% to 76%), whereas, using a threshold score of 0.70, it could identify 
cirrhosis with a sensitivity of 91% (95% CI 83% to 97%) and a specificity of 87% (95% CI 81% to 
92%). Evidence for FibroTest’s ability to distinguish between patients with and without fibrosis 
(F1–4 vs F0) is not robust, being based on only one fairly small study by Nguyen-Khac et al.132 
(n = 103 patients) in a population in whom the prevalence of fibrosis or cirrhosis was 92%.

A small study by Thabut et al. 2007a13 (n = 66 patients) found that FibroTest could identify 
clinically significant PHt (HVPG ≥ 12 mmHg) with a sensitivity of 93% (95% CI 84% to 98%) 
and specificity of 87% (95% CI 55% to 99%). However, because of the high prevalence of the 
condition in the study population, the investigators felt that this finding should not be used to 
support the use of FibroTest alone to predict severe PHt in cirrhotic patients.

A second small study by Thabut et al. 2003125 (n = 58 patients) found that, using a threshold of 
0.85, FibroTest could predict the presence of grade 2 oesophageal varices with a sensitivity of 89% 
(95% CI 73% to 96%) and a specificity of 50% (95% CI 25% to 77%).

Finally, a study by Thabut et al. 2007b126 (n = 189 patients) suggested that FibroTest has a modest 
predictive value in relation to all-cause mortality at 2 and 6 months (AUROCs 0.64 ± 0.05 and 
0.58 ± 0.05, respectively); sensitivity and specificity were not reported. A study by Naveau et al.124 
(n = 218 patients) suggested that FibroTest had a somewhat better predictive value in relation to 
both liver-related and all-cause mortality at 5 years [AUROCs 0.79 (95% CI 0.68 to 0.86) and 0.69 
(95% CI 0.61 to 0.76), respectively], but, again, sensitivity and specificity were not reported.

Summary of diagnostic and prognostic accuracy of FibroMAX
No evidence of the diagnostic and prognostic accuracy of FibroMAX was identified.

Summary of diagnostic and prognostic accuracy of FibroScan
Six studies117,118,122,127,128,132 assessed the diagnostic and prognostic accuracy of FibroScan in 
identifying moderate-to-severe fibrosis and cirrhosis in patients with known or suspected ALD 
(n = 480 patients). The study with the most representative population, that by Nahon et al.,128 
found that, using a threshold score of 11.6, FibroScan could identify severe (F3–F4) fibrosis with 
a sensitivity of 87% (95% CI 80% to 93%) and a specificity of 89% (95% CI 76% to 96%), whereas, 
using a threshold score of 22.7, it could identify cirrhosis with a sensitivity of 84% (95% CI 75% 
to 91%) and specificity of 83% (95% CI 74% to 91%). As with FibroTest, evidence for FibroScan’s 
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ability to distinguish between patients with and without fibrosis (F1–4 vs F0) is not robust, being 
based only on one fairly small study by Nguyen-Khac et al.132 (n = 103 patients) in a population 
with a 92% prevalence of fibrosis or cirrhosis.

Two of the included studies, those by Janssens et al.117 and Mueller et al.,118 indicate that 
FibroScan may overestimate the degree of fibrosis in patients with inflammatory hepatitis. This 
is consistent with Sagir et al.’s141 finding that 15 out of 20 patients with acute hepatitis of varying 
causes had FibroScan results indicative of cirrhosis although they had no other signs of cirrhosis, 
and with Arena et al.’s142 finding that, in patients with chronic hepatitis C, necroinflammatory 
activity identified at biopsy was associated with increased liver stiffness at each fibrosis stage 
except cirrhosis. However, unlike Janssens et al.,117 Arena et al.142 found that the degree of 
steatosis did not influence FibroScan results.

Three studies95,117,129 (n ≤ 148 patients) assessed FibroScan’s ability to identify PHt. Only one of 
these, that by Lemoine et al.,97 reported sensitivity and specificity. The study found that FibroScan 
could identify clinically significant PHt (HPVG ≥ 10 mmHg) with a sensitivity of 90% (95% CI 
78% to 97%) and a specificity of 88% (95% CI 55% to 99%).97

A small study by Nguyen-Khac et al.130 (n = 103 patients) found that, using a threshold of 
47.2 kPa, FibroScan could predict the presence of large oesophageal varices with a sensitivity of 
85% (95% CI 67% to 95%) and a specificity of 64% (95% CI 53% to 74%).

Discussion of diagnostic and prognostic accuracy of the Enhanced 
Liver Fibrosis Test, FibroTest and FibroScan
The evidence relating to the diagnostic accuracy of the ELF test, FibroTest, and FibroScan 
in relation to liver fibrosis and cirrhosis is not robust, and does not support any attempt to 
differentiate between their performances in this respect. As Naveau et al.124 note, indirect 
comparisons between the results of different studies of test accuracy are particularly hazardous, 
not least because of interstudy variability both in the prevalence of different stages of fibrosis 
and in biopsy lengths. Only one study was identified that compared two different non-invasive 
tests with liver biopsy in the same patients: this was the relatively small study by Nguyen-Khac 
et al.,132 which presented data relating to both FibroTest and FibroScan. In this study, although 
the point estimates of the AUROCs were higher for FibroScan than for FibroTest, the CIs overlap 
and, therefore, it is not possible to conclude that FibroScan has better diagnostic accuracy than 
FibroTest (Table 27).

All studies that compare non-invasive tests with liver biopsy in patients with ALD and present 
information on the interquartile ranges around the median test scores for the different METAVIR 
stages (i.e. the studies of FibroTest by Nahon et al.128 and Naveau et al.,123 and the studies of 
FibroScan by Janssens et al.,117 Kim et al.,127 Mueller et al.118 and Nguyen-Khac et al.132), display a 
substantial degree of overlap between those interquartile ranges. Thus, for any individual patient, 
whatever the non-invasive test score, there will be substantial uncertainty regarding their true 

TABLE 27 Comparison of FibroTest and FibroScan with liver biopsy in the same population

Test

Condition of interest

Mild–severe fibrosis 
(F0–F4)

Moderate–severe fibrosis 
(F2–F4)

Severe fibrosis  
(F3–F4)

Cirrhosis  
(F4)

AUROC 95% CI AUROC 95% CI AUROC 95% CI AUROC 95% CI

FibroTest 0.77 0.63 to 0.90 0.79 0.69 to 0.90 0.80 0.70 to 0.91 0.84 0.72 to 0.97

FibroScan 0.84 0.73 to 0.95 0.91 0.85 to 0.97 0.90 0.82 to 0.97 0.92 0.87 to 0.98
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fibrosis stage. Although this uncertainty may perhaps be due less to deficiencies in the non-
invasive tests themselves than to issues related to liver biopsy (e.g. the use of inadequate samples) 
or differences between patients in the degree of necroinflammation and steatosis,143 until well-
designed studies are conducted that take these factors into account, the clinical utility of the tests 
is not apparent.

The evidence relating to the diagnostic accuracy of the ELF test, FibroTest, and FibroScan in 
relation to PHt and oesophageal varices is weaker than that relating to fibrosis and cirrhosis, as 
it rests on even smaller patient numbers. Moreover, the use of FibroScan to identify cirrhotic 
patients at high risk of oesophageal varices is said to be inappropriate because, although varices 
form only when PHt is present, neither the presence of varices nor their size is directly correlated 
with the degree of portal pressure elevation.144

Patient management and clinical outcomes
No studies were identified that reported data relating to the effect of the use of any of the four 
tests on patient management or clinical outcomes.

Adverse effects and contraindications
The non-invasive tests included in this review appear to be safe. No adverse effects were reported 
in any of the included studies and no additional evidence has been identified that indicates 
that transient elastography is specifically associated with any adverse effects. As noted in The 
Enhanced Liver Fibrosis Test and FibroTest: failure rates and adverse events, the ELF test, FibroTest, 
and FibroMAX, which utilise blood tests, will be associated with the same adverse effects as 
diagnostic venepuncture generally – primarily pain and bruising, with occasional vasovagal 
reactions, and very rarely potentially disabling nerve injuries. By contrast, liver biopsy is 
associated with a high level of morbidity and occasional mortality (see Chapter 1, Liver biopsy).

No contraindications have been specified for the ELF test. The contraindications specified for 
FibroTest, FibroMAX, and FibroScan all relate to the mode of operation of the test, and do not 
relate to any potential for harm in patients with the relevant characteristics. Moreover, there 
is evidence to suggest that FibroScan is generally acceptable to patients with ALD. As noted 
in FibroScan: failure rates and adverse events, Janssens et al.117 found that only 2% of patients 
entering hospital for alcohol detoxification and rehabilitation refused FibroScan, although 34% 
refused to participate in the study by Nguyen-Khac et al.132 which required them to undergo both 
FibroScan and blood tests. Finally, in a study of acceptability, Melin et al.145 found that all 380 
patients seen for alcohol problems during the course of a year agreed to undergo FibroScan; only 
5% (2/44) of those who were offered liver biopsy because their FibroScan result indicated severe 
fibrosis or cirrhosis refused it, compared with 29% in the study by Janssens et al.117

Internal and external validity
The results of the included studies summarised above suggest that the ELF test, FibroTest, and 
FibroScan can be used to identify patients with ALD who have fibrosis or cirrhosis. However, 
these results should be viewed with caution for a number of reasons. The most obvious reason is 
that they are not robust because they rest on data from relatively few patients with ALD; this is 
especially true of the ELF test.

Internal validity
As noted in Study quality above, study quality, as assessed using a modified version of the 
QUADAS checklist,112 is generally not high.

Most of the studies display spectrum bias because they recruited patients believed or known 
to have severe fibrosis or cirrhosis, rather than those representative of the whole spectrum of 
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patients with suspected ALD. Such spectrum bias favours the index test: because the positive 
and negative predictive values of diagnostic tests depend critically on the prevalence of the 
condition being tested for in the population being tested,146 if the prevalence is considerably 
higher than would be expected in normal clinical practice, then the positive predictive value of 
the test will also be higher than it would be in normal clinical practice. Consequently, even if 
the studies indicate that the tests have high sensitivity and specificity, in normal use many of the 
positive results will be FPs.146 Moreover, two of the studies that recruited a more representative 
patient sample, those by Janssens et al.117 and Melin et al.,122 used the reference standard only in 
those patients whose index test result was above a specific threshold. This use of the reference 
standard only in patients testing positive using the index test (verification bias) will result in 
overestimation of its sensitivity because the number of FN results is too low.147 In the context of 
liver fibrosis, both spectrum bias and verification bias are probably due to valid ethical issues 
surrounding the use of biopsy in patients in whom it is not considered clinically necessary; 
however, they distort study results in such a way as to favour the index tests.

Conversely, however, studies that compare a non-invasive test with liver biopsy are disadvantaged 
by the fact that it is an imperfect reference standard; thus, discordance between the degree of 
fibrosis indicated by biopsy and by non-invasive testing may be because of an error in either test. 
Mehta et al.,148 noted that liver biopsy is associated with such a degree of potential error that its 
use as the reference standard may make it impossible to differentiate between a perfect and an 
inadequate surrogate test. They calculated that, assuming that liver biopsy has a sensitivity and a 
specificity of 90% for the identification of significant liver fibrosis and that the prevalence of that 
condition in the population being tested is 40%, a perfect non-invasive test with an AUROC of 
0.99 versus true disease can only achieve an AUROC of 0.90 versus liver biopsy. Indeed, Afdhal 
et al.19 suggest that liver biopsy has a diagnostic accuracy of 80–90% and, in that case, any tests 
that are compared with liver biopsy cannot achieve an AUROC better than 0.9, and the results are 
likely to lie in the range 0.75–0.88, with a most likely value of 0.85. Thus, even if a non-invasive 
test is in fact a perfect non-invasive surrogate for liver biopsy, it may be impossible to prove this.19

The use of liver biopsy as the reference standard is associated with a second problem. The 
non-invasive tests reviewed in this report all present a numeric result relating to a continuous 
measurement that is held to reflect, directly or indirectly, the degree of fibrosis in the liver. 
However, this result is then compared with a liver biopsy result expressed in terms of an ordinal 
scoring system: i.e. biopsy results are classified into a number of groups that have a natural 
ordering, in that they indicate progressively more severe liver damage, but do not represent a 
direct arithmetical progression. For example, the degree of fibrosis seen in METAVIR stage F4 
is not necessarily twice that seen in METAVIR stage F2; instead, the different stages describe the 
pattern of deposition of fibrous tissue, as well as its extent.149 Consequently, to permit comparison 
with liver biopsy results, a threshold value corresponding to each biopsy stage must be identified 
for each non-invasive test. In most of the included studies, the threshold values recommended as 
appropriate for the identification of the different stages of fibrosis and cirrhosis in patients with 
ALD have been derived statistically from the receiver operating characteristic curve after data 
collection. They have not been validated prospectively and, therefore, do not fulfil the standard 
criteria for the general use of a diagnostic test.138

External validity
It is difficult to comment on the external validity of the included studies – i.e. the extent to which 
their populations and methods are generalisable to clinical practice in the UK – not least because 
of the lack of clarity surrounding the potential role of NILTs in clinical practice in the UK. The 
issues relate to the population in whom, and the purpose for which, such tests may be used; they 
are to some extent related.
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In the original scope of this assessment, it was envisaged that NILTs would be used in primary 
care to enable more appropriate selection of patients with abnormal liver function tests and risk 
factors for chronic liver disease for referral to specialist care. By contrast, the included studies 
were conducted in secondary or tertiary care settings. Subsequently, clinical experts in the UK 
have suggested that it is unlikely, and possibly undesirable, that non-invasive tests will be used in 
primary care, and that most patients who are felt to need further investigation for suspected ALD 
should be referred to specialist care, where non-invasive tests will be performed if considered 
appropriate. However, even given this scenario, the range of disease severity is likely to be wider 
than that seen in the included studies, many of which were limited to patients believed to have 
relatively severe disease. Indeed, a number of studies recruited patients who not only required 
liver biopsy for clinical reasons but in whom that biopsy was performed transjugularly rather 
than percutaneously,13 suggesting the presence of decompensated cirrhosis.

In ALD, NILTs may be used for one of two main diagnostic purposes:

 ■ to identify patients with fibrosis, so that efforts may be made to prevent the development 
of cirrhosis

 ■ to identify patients with cirrhosis, enabling them to be monitored for the development of 
conditions such as oesophageal varices and HCC.

Assuming that non-invasive test results indicative of fibrosis are effective in influencing patients 
with ALD to abstain from alcohol – and no evidence for this has been identified – then the 
former use is of potentially greater clinical value as it would permit the identification of patients 
with ALD at a time when that disease was still reversible, whereas identification of patients with 
cirrhosis would only permit the initiation of monitoring to enable prompt treatment of symptoms 
of an incurable disease. However, only one study, that by Nguyen-Khac et al.,132 reported on the 
ability of a non-invasive test to identify mild (METAVIR F1) as well as more severe (F2–F4) 
fibrosis in patients with suspected ALD, and in most studies the tests performed better when 
identifying cirrhosis (F4) than when identifying mild (F1), moderate (F2), or severe (F3) fibrosis. 
This clearly limits the clinical utility of the tests.

In tests that present results derived from a continuous scale, the intended purpose of that test 
will affect the choice of the threshold score. So, if the intended purpose of the NILTs reviewed 
in this report is to identify patients with cirrhosis to undergo further tests and monitoring, a 
threshold score should be chosen that maximises sensitivity (i.e. the proportion of patients who 
genuinely have the condition of interest who are correctly identified by the non-invasive test), as 
this will minimise the risk of patients with cirrhosis being mistakenly identified as not having the 
condition, and therefore not receiving further tests, monitoring, and treatment, as appropriate. 
However, if the intended purpose of the tests is to exclude patients without fibrosis, the threshold 
score should be chosen to maximise specificity (i.e. the proportion of people who genuinely do 
not have the condition of interest who are correctly identified by the non-invasive test), to reduce 
the risk of patients who do not have fibrosis undergoing costly and potentially invasive tests.

Test results may be influenced by factors other than the degree of fibrosis present in the liver. The 
included studies have shown that, for FibroScan, the optimum threshold values for fibrosis and 
cirrhosis are higher in patients with ALD than in patients with hepatitis C (and possibly other 
liver diseases), and it is therefore crucial that the aetiology of suspected liver disease is securely 
established before the test result is interpreted.18 In addition, as noted in FibroScan: diagnostic 
accuracy results, in patients with a secure diagnosis of ALD, FibroScan may overestimate the 
degree of fibrosis if either steatosis or alcoholic hepatitis is present. Current drinking status is 
also relevant: Mueller et al.118 have shown that, in patients with ALD, liver stiffness, as measured 
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by FibroScan, decreases during alcohol detoxification independent of the fibrosis stage. Thus, 
consideration must also be given to the optimum timing of the tests.

Finally, it should be noted that, unlike liver biopsy, the non-invasive tests assessed in this report 
only seek to identify the degree of liver fibrosis. They cannot also provide additional useful 
information, for example by indicating the presence of another liver disease in addition to ALD, 
or by evaluating necroinflammation to assess whether that fibrosis is an ongoing process that may 
continue to develop or whether it results from a past event that has stabilised or even regressed.104

Conclusions for clinical effectiveness
There is some evidence to suggest that, in patients with known or suspected ALD, the ELF test, 
FibroTest, and FibroScan can identify fibrosis with varying degrees of diagnostic accuracy; 
no evidence has been identified relating to FibroMAX, although this is recommended by 
the manufacturers in preference to FibroTest in patients with ALD. Although FibroTest and 
FibroScan appear to have greater accuracy in identifying cirrhosis rather than lesser degrees 
of fibrosis, the ELF test appears to perform less well in specifically identifying cirrhosis than in 
identifying the presence of moderate-to-severe fibrosis but, as the evidence base is very small and 
acceptable minimum standards were not used for the biopsy samples, this finding is not robust. 
Evidence for the ability of FibroTest and FibroScan to identify clinically significant PHt, and 
oesophageal varices, rests on extremely small studies, and again is not robust.

Moreover, the confidence that can be placed in the study results is reduced because most of the 
studies display spectrum bias, and the two studies that recruited a more representative sample 
display verification bias: both of these biases will favour the index test. In addition, the degree 
of error associated with liver biopsy is such that its use as the reference standard may make 
it impossible to judge with accuracy the adequacy of the surrogate test. Finally, the degree of 
overlap between the interquartile ranges around the median values relating to each METAVIR 
stage means that, for any individual patient, whatever their non-invasive test score, there will 
be substantial uncertainty regarding their true fibrosis stage, and this will substantially limit the 
clinical utility of the non-invasive tests.
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Chapter 5  

Cost-effectiveness: model parameters

This chapter details the parameters within the mathematical model and the sources used to 
provide the values assumed in the analyses. There was a considerable number of data that 

were not available and broad assumptions have been made to allow an estimation of the range 
of the potential cost-effectiveness of each NILT after considering the management and likely life 
expectancy of a patient following diagnosis. Sensitivity analyses have been performed in order to 
test the robustness of the results produced to changes in the input parameters.

Discount rates

In accordance with the NICE methods guide,150 both benefits and costs have been discounted at a 
rate of 3.5% per annum.

The sensitivity and specificity of non-invasive liver tests used within the 
economic model

As detailed, the sensitivity of each NILT, alongside that of biopsy, will determine the number of 
patients who have cirrhosis who are not appropriately diagnosed. The specificity of the NILT will 
determine the number of patients who may receive unnecessary biopsy or, if a triaging strategy 
is not pursued, the number of patients who are monitored unnecessarily. The advantage of a 
NILT is that fewer biopsies will be performed than in assumed current practice, which will be 
associated with reduced costs, and also reduced mortality and morbidity.

The estimated sensitivity and specificity for each NILT have been described previously in 
Tables 15, 16 and 19. No formal meta-analysis has been undertaken because of the potential 
heterogeneity within the trials in terms of the length of and the number of portal tracts examined 
within the liver biopsy, the number of days between the test and performing the biopsy, the 
level of current drinking within the cohort and the different cut-off thresholds for diagnosing 
cirrhosis/fibrosis. In order to provide an estimation of the cost-effectiveness of the NILTs, three 
scenarios for sensitivity and specificity are evaluated, which the authors have selected from the 
combinations of RCTs and cut-off thresholds for classification of cirrhosis.

These results will be indicative of the likely cost-effectiveness, although some caveats must be 
provided. These include:

1. The fact that the sensitivity and specificities reported are directly calculated from the trial 
data, whereas ideally the results would be calculated from a threshold that was specified in 
advance of the trial.

2. Inconsistency between reported trial data, for example, considering FibroTest, the study by 
Naveau et al.124 has both a higher sensitivity and specificity at a 0.70 threshold than the study 
by Thabut et al., 2007a13 which used a threshold of 0.74.

3. Small patient numbers and their fibrosis levels mean that there is reasonably large 
uncertainty. Where values for TPs, FNs, TNs and FPs were < 5, a non-informative prior of 
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0.5 was added to that value and the corresponding value when calculating sensitivity and 
specificity, which is equivalent to using Jeffreys’ prior. As such, the values for sensitivity and 
specificity may not match exactly those reported in the systematic review section.

4. The fact that the ELF did not report sensitivity and specificity for detecting only cirrhosis and 
that these have been inferred from a moderate/severe fibrosis population.

In addition to these caveats, there is the possibility that biopsy may not be a perfect gold standard 
and that sampling error may result in a FN being indicated by the test. As previously reported, 
data obtained when comparing liver biopsy with post-mortem examination showed that cirrhosis 
was detected in only 16 out of 20 cases when a single biopsy was taken, although this increased 
to 20 out of 20 when three biopsies were taken.91 Further data show that when three biopsies 
were taken using the same entry site the sensitivity was 50%.92 Exploratory results have been 
undertaken assuming that the sensitivity of biopsy in detecting cirrhosis is 80% rather than 100%. 
In this instance, further assumptions need to be made as the NILTs were compared with biopsy. 
Three scenarios have been explored, in a similar manner as previously used by Carlson et al.151

1. That the NILTs also failed to detect the cirrhoses missed by the biopsy. This is termed a 
pessimistic scenario.

2. That the NILTs detected the cirrhoses missed by the biopsy, but these were recorded in the 
study as FPs. This is termed an optimistic scenario.

3. That the NILTs also failed to detect a proportion of the cirrhosis missed by the biopsy, with 
the remaining proportion being recorded as FPs. The proportion also missed would be 
assumed to be 1 – sensitivity reported in the trial. This is termed a stochastic scenario.

An example of this methodology is given below using data for detecting cirrhosis by FibroTest 
as reported by Naveau et al.123 This trial reported (compared with a gold standard of biopsy) 62 
TPs, 6 FNs, 133 TNs and 20 FPs, with a sensitivity of 91%. Biopsy detected 68 positives, but if the 
sensitivity of biopsy was 80% then biopsy would be expected to miss 17 (68/4) actual positives.

In the pessimistic scenario it would be assumed that 17 cases of TNs were actually FNs. Thus, the 
true distribution was 62 TPs, 23 FNs, 116 TNs and 20 FPs.

In the optimistic scenario it would be assumed that 17 cases of FNs were actually TPs. Thus, the 
true distribution was 79 TPs, 6 FNs, 133 TNs and 3 FPs.

In the stochastic scenario, it would be assumed that 91% of the 17 cases missed by biopsy would 
be detected and were classed as FPs; this number is rounded to the nearest integer and down if 
equidistant. This would result in 15 being initially recorded as FPs and 2 as TNs. Thus, the true 
distribution was 77 TPs, 8 FNs, 131 TNs and 5 FPs.

This approach was used for all test scenarios. In circumstances where the results could not meet 
the decision rules, for example if there were only three FNs but it was expected that biopsy would 
miss 10 that would all be diagnosed correctly in the optimistic scenario, then the maximum 
number that could be transferred from FPs to TPs would be transferred, which would be three 
in this example. When calculating the resultant sensitivities and specificities, if values for TPs, 
FNs, TNs and FPs were below 5, an uninformative prior of 0.5 was added to that value and the 
corresponding value when calculating sensitivity and specificity.

The sensitivities and specificities used in the model for each scenario are provided in Tables 28–31. 
It is noted that where there are few patients that biopsy rated as without cirrhosis, for instance 
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in Thabut et al. 2007a,13 where only six patients were diagnosed as not cirrhotic by biopsy, 
the fluctuations in test characteristics can be large, and that in the pessimistic scenarios the 
sensitivities of the NILTs may become better than that for biopsy.

For all scenarios, the sensitivity of clinical experience alone was 81.3% and specificity was 89.2%.9 
For diagnosing all patients with cirrhosis sensitivity was 100% and specificity 0%.

Examination of Table 31, where a stochastic scenario has been assumed, shows that this is often 
identical or close to those predicted in the optimistic scenario (see Table 30), which produces 
results that are more favourable to the tests. Given this, for brevity reasons it was decided that 
results would not be produced using the stochastic scenario, with the authors comfortable that 
the remaining scenarios (100% sensitivity for biopsy, pessimistic and optimistic) provided a good 
indication of the uncertainty within the decision.

TABLE 28 Test characteristics for detecting cirrhosis used within the model when it is assumed that biopsy has 100% 
sensitivity and 100% specificity

NILT Scenario Calculated from Threshold Sensitivity (%) Specificity (%)

ELF 1 Rosenberg 2004121 0.431 92.4 97.4

2 Rosenberg 2004121 0.087 98.9 18.4

3 Authors’ estimate correcting for a 
cirrhotic population only

0.431 96.0 90.0

FibroTest 1 Naveau 2005123 0.70 91.2 86.9

2 Naveau 2005123 0.30 99.3 50.3

3 Thabut 200713 0.74 78.3 78.6

FibroScan 1 Mueller 2010118 11.5 98.1 77.3

2 Janssens 2010117 19.6 78.6 75.9

3 Nahon 2008128 22.7 83.5 83.6

Biopsy – Assumption N/A 100.0 100.0

N/A, not applicable. 

TABLE 29 Test characteristics for detecting cirrhosis used within the model when it is assumed that biopsy has 80% 
sensitivity and 100% specificity and a pessimistic scenario is employed

NILT Scenario Calculated from Threshold Sensitivity (%) Specificity (%)

ELF 1 Rosenberg 2004121 0.431 75.0 93.8

2 Rosenberg 2004121 0.087 92.9 3.1

3 Authors’ estimate correcting for a 
cirrhotic population only

0.431 78.0 87.0

FibroTest 1 Naveau 2005123 0.70 72.9 85.3

2 Naveau 2005123 0.30 80.0 44.1

3 Thabut 200713 0.74 78.3 25.0

FibroScan 1 Mueller 2010118 11.5 81.3 75.3

2 Janssens 2010117 19.6 64.0 70.8

3 Nahon 2008128 22.7 66.7 76.6

Biopsy – Assumption N/A 80.0 100.0

N/A, not applicable.
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The prevalence of cirrhosis in the defined population

In addition to the test characteristics, the prevalence of cirrhosis in people whom a secondary 
care clinician would want to biopsy is needed to determine the absolute number of TPs, FPs, TNs 
and FNs. Based on clinical advice this value has been set to 35%.

The costs of biopsy and each non-invasive liver test

The costs used within the model are provided in Table 32. These have been inflated, where 
applicable, using the inflation indices reported in Curtis.152 These costs are deemed additional to 
standard clinical practice.

Sensitivity analyses were undertaken to examine the robustness of the results to changes in the 
prices of diagnostic tests.

TABLE 30 Test characteristics for detecting cirrhosis used within the model when it is assumed that biopsy has 80% 
sensitivity and 100% specificity and an optimistic scenario is employed

NILT Scenario Calculated from Threshold Sensitivity (%) Specificity (%)

ELF 1 Rosenberg 2004121 0.431 92.4 97.4

2 Rosenberg 2004121 0.087 99.1 43.8

3 Authors’ estimate correcting for a 
cirrhotic population only

0.431 95.0 92.0

FibroTest 1 Naveau 2005123 0.70 92.9 97.4

2 Naveau 2005123 0.30 99.4 56.6

3 Thabut 200713 0.74 78.7 91.7

FibroScan 1 Mueller 2010118 11.5 98.5 84.1

2 Janssens 2010117 19.6 90.0 82.7

3 Nahon 2008128 22.7 85.6 99.1

Biopsy – Assumption N/A 80.0 100.0

N/A, not applicable.

TABLE 31 Test characteristics for detecting cirrhosis used within the model when it is assumed that biopsy has 80% 
sensitivity and 100% specificity and a stochastic scenario is employed

NILT Scenario Calculated from Threshold Sensitivity (%) Specificity (%)

ELF 1 Rosenberg 2004121 0.431 90.4 97.2

2 Rosenberg 2004121 0.087 99.1 43.8

3 Authors’ estimate correcting for a 
cirrhotic population only

0.431 94.0 90.0

FibroTest 1 Naveau 2005123 0.70 90.6 96.3

2 Naveau 2005123 0.30 99.4 56.6

3 Thabut 200713 0.74 75.0 84.3

FibroScan 1 Mueller 2010118 11.5 98.5 84.1

2 Janssens 2010117 19.6 80.0 86.0

3 Nahon 2008128 22.7 82.8 99.1

Biopsy – Assumption N/A 80.0 100.0

N/A, not applicable.
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Adverse events related to each diagnostic test

It has been assumed that no NILT has adverse events, aside from a potential misdiagnosis 
of cirrhosis. Biopsy, however, owing to its invasive nature, is associated with both mortality 
and morbidity. From the systematic review undertaken in this study, we have assumed that 
percutaneous biopsy has a probability of 0.09% of causing mortality, with an additional risk 
of causing a serious adverse event of 0.72% (see Appendix 3). The corresponding values for 
transjugular biopsy are 0.18% and 1.27%, respectively (see Appendix 3).

A serious adverse event was deemed to be associated with a hospital stay, assumed to cost £1000, 
and a QALY decrement of 0.2 (equivalent to approximately 10 weeks with a utility of zero or 
a year with a utility decrement of 0.2). The QALY value was arbitrary, but was assumed to be 
a value that would be likely to disfavour biopsy; sensitivity analyses were undertaken to assess 
the robustness of the results to changes in both the costs and QALY decrements assumed to be 
related to serious adverse events.

Applying the base-case values to the risk of a serious adverse event results in an expected QALY 
decrement per patient of 0.000142 for a percutaneous biopsy and 0.000254 for a transjugular 
biopsy; the cost implications per patient would be £7 for a percutaneous biopsy and £13 for 
a transjugular biopsy. For all patients who die as a result of biopsy, the costs of the biopsy are 
assumed to be incurred, but no further QALYs will be accrued. It is uncertain whether or not 
patients undergoing a biopsy will suffer anxiety prior to the procedure; in order to address this 
issue and to assess the robustness of the results to this assumption, a sensitivity analysis was 
performed where the disutility associated with a biopsy was increased to 0.04 QALY (a value 
equivalent to approximately a fortnight with a utility of zero), which was deemed in consultations 
with clinicians to be an upper bound.

The proportion of tests that will produce results that cannot be used

The results of the NILTs can be confounded by patient characteristics such as obesity and 
concurrent drinking. This has been reflected within the model by assuming that the rates of tests 
that cannot be used are 20% for FibroScan and 25% for both blood tests (FibroTest and the ELF). 
The model assumes that when a test has produced a result that cannot be used, the patient will 
then receive a biopsy.

TABLE 32 The estimated cost of each test (2008–9 prices)

Test Cost (£) Source

Percutaneous biopsy 894 Stamuli 200956

Transjugular biopsy 1500 An indicative figure for a biopsy requiring an overnight stay and possible transportation costs9

ELF 45 Clinical input. This value comes from an early adopter quote provider to the Royal Free Hospital, 
London, UK for 100 ELFs per month. (Dr Marsha Morgan, Royal Free Hospital, London, UK, 
2010, personal communication)

FibroScan (marginal cost) 50 Clinical input suggests that this is likely to be the price charged to the NHS per scan. This is 
preferred to the Stamuli 200956 estimated cost of £19.52 (range £12.44–33.94)

FibroTest 50 Set similar to the cost of the ELF as both are blood tests and are likely to be competitively 
priced. This estimate is preferred to a value of €90–300 reported by Morra 200767

Clinical experience 0 Assumption

Diagnosing all with cirrhosis 0 Assumption
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The outcomes associated with each final node within the economic model 
for diagnosis of cirrhosis

Figures 1–3 detail the assumed pathways within the model. These strategies have four common 
end points: (1) abstinent following a diagnosis of cirrhosis; (2) continuing to drink following a 
diagnosis of cirrhosis; (3) abstinent following a diagnosis of no cirrhosis; and (4) continuing to 
drink following a diagnosis of no cirrhosis. Those strategies that incorporate a biopsy also have 
the risk of biopsy mortality. Excluding biopsy mortality, these common end points represent 
an amalgamation of heterogeneous patient experiences into a long-term estimation of costs 
and QALYs. These end points are also further broken down into whether or not the diagnosis 
received was correct, which will differ depending on whether or not the diagnosis regarding 
cirrhosis is correct, increasing the actual number of end points within the model to eight.

Although not depicted within the model diagram, a proportion of patients who do not have 
cirrhosis at the time of the investigation but who continue to drink heavily are assumed to 
develop cirrhosis. These patients will be assigned the costs and QALYs associated with cirrhotic 
patients who continue to drink heavily rather than non-cirrhotic patients who continue to 
drink heavily.

Because of the likely heterogeneity of patients within each of the eight end points, the reliability 
of any estimate will be questionable. To populate the model we have collated data from various 
sources, including clinical input, and provided relatively broad estimates to guard against 
spurious accuracy. The sensitivity of the modelled results to these values is tested within 
sensitivity analyses. Each end point is discussed individually and, for reference, the cost and 
QALY values for each of the end points are collated in Table 33.

End point 1: true-positives for cirrhosis who abstain from drinking
These patients will receive monitoring for HCC, HE and oesophageal varices. The estimated costs 
and QALYs associated with patients who are screened for HCC have been taken from a study 
by Thompson Coon et al.,153 which reports that ALD patients with cirrhosis undergoing annual 
serum α-fetoprotein and 6-monthly ultrasound scans were estimated to accrue 9.410 QALYs at a 
cost of £27,400. This source was selected as it came from a health technology assessment that had 
explicitly divided the cost of surveillance for HCC into aetiology types, allowing values for ALD 
patients to be explicitly used.

TABLE 33 The lifetime costs and QALYs associated with each end point including the costs of electroencephalograms 
and the costs and QALY implications of screening for varices, providing prophylaxis treatment where appropriate and 
treating variceal bleeding

End point Costs (£) QALYs

TPs for cirrhosis who abstain from drinking 29,980 9.679

TPs for cirrhosis who continue drinking 39,474 4.399

FPs for cirrhosis who abstain from drinking 25,154 11.066

FPs for cirrhosis who continue drinkinga 25,154 11.066

TNs for cirrhosis who abstain from drinking 1000 11.066

TNs for cirrhosis who continue drinkinga 1000 11.066

FNs for cirrhosis who abstain from drinking 26,100 9.359

FNs for cirrhosis who continue drinking 36,100 3.744

a A proportion of these patients are assumed to progress to cirrhosis and incur the costs and QALYs of TPs who continue to drink.
See Chapter 5, The outcomes associated with each final node within the economic model for diagnosis of cirrhosis for an explanation of the 
derivation of the values within the table.
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End point 2: true-positives for cirrhosis who continue drinking
Clinical advice indicates that such patients will still receive monitoring for HCC, HE and 
varices despite their non-abstinence. Clinical advice also indicates that the costs associated 
with such patients will be much higher as the risk of progressing to more severe states, such as 
decompensated cirrhosis, is greater in the non-abstinent, as is the risk of HE and ascites. The 
literature has suggested that the cost per annum of decompensated cirrhosis is £9385 compared 
with £1171 per annum for compensated cirrhosis.154 The costs of HE are £2718 per event (Code 
AA22Z),155 and the treatment of ascites has been reported to cost US$4048 per annum.156 All 
historic costs have been inflated to 2008–9 costs.152 The sources of these costs were selected as 
these were also used in the Thompson Coon et al. study153 to provide consistency. It was assumed 
that these costs would approximate to an additional £10,000 per person when compared with TPs 
who were abstinence and a cost of £37,400 was used.

For QALYs accrued, a study21 reported that the survival rate at 7 years for patients with cirrhosis 
was 72% for abstainers and 44% for those who continued to drink. For simplicity, it was assumed 
that these were results from exponential distributions; this would indicate that cirrhotic patients 
who continued to drink would have (on average) only 40% of the life expectancy of cirrhotic 
patients who abstained. Assuming that this value could also be used to downgrade QALYs, it is 
estimated that the QALYs accrued by TPs who continued to drink would be 3.764 (9.410 × 40%).

End point 3: false-positives for cirrhosis who abstain from drinking
These patients will receive monitoring for HCC, HE and oesophageal varices. The costs for 
these patients have been estimated from the costs of TPs who abstain (£27,400), but with 
a consideration that FPs are likely to incur fewer costs because of avoiding cirrhosis. It is 
assumed that FPs would be representative of the group termed by Wright et al. as having 
moderate disease,154 which was defined as having either a fibrosis score of between 3 and 5 or a 
necroinflammatory score of > 3. The cost per annum was £421 less in the group with moderate 
disease than in those with cirrhosis, a difference which has been increased to £469 per annum 
to incorporate inflation. Data from Wright et al.154 were selected, as these were also used in the 
Thompson Coon et al. study153 and provided some consistency.

It is assumed that these costs would be applied for 20 years, resulting in a discounted cost 
reduction of £6899 and an overall cost of approximately £20,500. In the absence of further 
data, we have assumed that the QALYs gained will be equivalent to that of TNs, 11.066, using 
the methodology described later (see End point 5: true-negatives for cirrhosis who abstain 
from drinking).

End point 4: false-positives for cirrhosis who continue drinking
Few data are available for FPs who continue to drink. We have conservatively assumed that, for 
the majority of patients, the costs are equivalent for FPs who abstain (£20,500), as are the QALYs 
accrued (11.066). However, to acknowledge the fact that such patients may develop cirrhosis, 
a proportion are modelled to have the cost and QALY implications associated with TPs who 
continue to drink rather than those for FPs.

End point 5: true-negatives for cirrhosis who abstain from drinking
These patients will receive lifestyle advice only. A cost of £1000 per patient was estimated (based 
on clinical advice), to account for appropriate monitoring of the patient. In order to estimate 
the QALYs accrued we have assumed that the patients are the same age as those in Thompson 
Coon et al.153 (53 years) and that they will have a reduced life expectancy compared with general 
population, but will live for a further 20 years. Using European Quality of Life-5 Dimensions 
(EQ-5D) population norms157 and assuming discounting at 3.5% per annum,150 an estimate of 
11.066 QALYs was derived.
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End point 6: true-negatives for cirrhosis who continue drinking
These patients will receive lifestyle advice only. We have assumed that the costs and QALYs 
accrued are the same as for TNs who are abstinent (£1000 and 11.066, respectively). It has been 
assumed that such patients may develop cirrhosis; thus, a proportion are modelled to have 
the cost and QALY implications associated with TPs who continue to drink rather than those 
for TNs.

Endpoint 7: false-negatives for cirrhosis who abstain from drinking
These patients will receive lifestyle advice only. The estimated costs and QALYs associated with 
ALD patients with cirrhosis who are not screened for HCC have been taken from a study by 
Thompson Coon et al.,153 which reports that patients were estimated to accrue 9.359 QALYs at a 
cost of £26,100.

End point 8: false-negatives for cirrhosis who continue drinking
These patients will receive lifestyle advice only. It is uncertain how much additional cost would be 
incurred by this group compared with FNs who abstain; however, following the logic described 
for TPs, a value of £10,000 was assumed, resulting in a cost of £36,100. The QALYs accrued have 
been set at 40% of the level of FNs who abstain, using the reasoning described in the ‘TPs who 
continue drinking’ section. This would equate to 3.744 QALYs (9.359 × 40%).

The proportion of patients without cirrhosis who continue to drink 
heavily that will develop cirrhosis

On clinical advice this has been set to 20%.

Incorporating oesophageal varices bleeding
The analyses of screening for HCC undertaken by Thompson Coon et al.153 did not include any 
costs or consequences associated with oesophageal varices bleeding. However, these can have 
significant morbidity and can also cause mortality. This has been included within the modelling 
by estimating the effects and costs associated with screening for varices, providing prophylaxis 
treatment where appropriate, and with bleeds in a separate model and then including these 
within our analyses. The varices model used the following assumptions, which were based, where 
possible, on recommendations provided by de Franchis.158

1. All patients with cirrhosis would receive an endoscopy at a cost of £200 (data from the Royal 
Free Hospital, London, UK).

2. Forty per cent of those with cirrhosis will have varices,43 of which one-third are small, one-
third moderate and one-third large (clinical advice).

3. The risk of bleeding in those who continue to drink is high, with a risk of 15% per 
annum,156,159 although this risk is reduced by 50% if prophylactic treatment is provided.159

4. On clinical advice, the risk of bleeding among those who abstain was reduced to 5%, with a 
reduced risk of 2.5% in those taking prophylactic treatment.

5. Only those patients who have been diagnosed (correctly or incorrectly) with cirrhosis 
will be provided with prophylactic treatment. Patients with cirrhosis who were not 
correctly diagnosed will be provided with prophylactic treatment following an oesophageal 
varices bleed.

6. Prophylactic treatment with propranolol 40 mg twice daily costing £28 per year160 is provided 
to all patients with varices, excluding 50% of those with small varices (clinical advice).
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7. The risk of mortality following a bleed is assumed to be 30%43 and unaffected by 
prophylactic treatment.

8. The cost of treating an oesophageal varices bleed is assumed to be £10,000. This has been 
estimated from a weighted average of costs presented by Thabut et al.,161 which was €11,982; 
these costs are similar to figures reported in Wechowski et al.162

9. An endoscopy once every 3 years to be provided for those without varices and every 2 years 
for those patients with small or moderate varices.

10. Those patients with large varices would have three sessions of band ligation costing £438 
(US$674) each, with an endoscopy at 6 months and then at yearly intervals.162

11. Patients falsely diagnosed as not having cirrhosis who have a subsequent variceal bleed 
would be prescribed propranolol 40 mg twice daily.

Compared with a no screening strategy, these assumptions provide an estimated net incremental 
cost of screening and subsequent treating to a patient with oesophageal varices who continues to 
drink of £400 and of £900 for those who abstain. The additional QALYs accrued from screening 
and providing subsequent treatment compared with a no screening strategy were 0.635 for 
those patients who continue to drink and 0.269 for abstinent patients. For simplicity within the 
model, these cost and QALY values were added to end point 1, for those people who abstain from 
alcohol, and end point 2 for those people who continue to drink heavily.

Detecting hepatic encephalopathy
An electroencephalogram [estimated to cost £220 (data obtained from the Royal Free Hospital, 
London, UK)] was assumed to be required annually to detect HE. These were estimated to have a 
discounted cost of £1674 (US$2578) over a lifetime for those patients diagnosed with cirrhosis.

The proportion of patients who continue to drink in relation to diagnosis by biopsy
One small study (n = 96), published in abstract form,26 reported that the level of continued 
drinking following biopsy-proven ALD was dependent on whether or not the patient had 
cirrhosis. Fifty-nine per cent of patients without cirrhosis had a heavy intake compared with 38% 
of those who had cirrhosis, a difference which was significant (p = 0.04). As it is plausible that the 
abstinence rate may be higher in patients with cirrhosis, these values were used within the model.

The proportion of patients who continue to drink in relation to diagnosis by a non-
invasive liver test

It is conceivable that patients who have a less invasive test may be more reluctant than those 
who have a biopsy to become abstinent. Possible reasons for this include (1) the knowledge of 
the physician (and potentially a well-informed patient) that the NILT has low specificity; (2) 
the fact that inflammation and fat can be assessed directly following a biopsy (but not through 
a NILT), which can be used to inform the patient of an underlying disease progression that has 
not currently reached cirrhosis or severe fibrosis level; and (3) potentially the fact that a biopsy is 
invasive may also convince a patient that the disease is potentially life-threatening.

Exploratory results showed that, unsurprisingly, the model was very sensitive to the level of 
abstinence achieved in the ALD patients. In order to provide meaningful results, the abstinence 
rates were subjected to a threshold sensitivity analyses, where the percentage point increase in 
abstinence rates, for both those diagnosed with cirrhosis and those diagnosed without cirrhosis, 
required to change a decision regarding the cost-effectiveness of a strategy was calculated.



72 Cost-effectiveness: model parameters

The benefit of biopsy in identifying liver disease that is not alcohol-related 
liver disease and confirming alcohol-related liver disease

Biopsy allows the aetiology of the liver disease to be established; this is not possible when NILTs 
alone are used. A diagnosis of liver disease that is not ALD would allow patients to receive 
alternative treatment for this condition rather than for ALD. It may also be the case that a patient 
may derive some underlying benefit from a definitive diagnosis of his or her condition. Initial 
exploratory results indicated that the results of the model were extremely sensitive to any gains 
in QALYs owing to a biopsy being performed. As such, this value has been left at zero for the 
analyses, but is subject to threshold sensitivity to determine the value that this would need to be 
greater than in order for the decision on which treatment was the most cost-effective to change.



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Stevenson et al. under the terms of a commissioning contract issued by 
the Secretary of State for Health.

73 Health Technology Assessment 2012; Vol. 16: No. 4DOI: 10.3310/hta16040

Chapter 6  

Cost-effectiveness model: results

During the course of the project, exploratory results were produced that showed that the 
model was relatively insensitive to some parameters, but was very sensitive to some 

parameters on which there were few data.

Those parameters that were shown to have little influence on the modelled results were subjected 
to univariate sensitivity analyses using a set of pre-defined ranges to check the robustness of the 
results regarding the cost-effectiveness of each. These results and the ranges used are shown in 
Table 34. These results assumed that the abstinence rates were independent of the diagnostic 
test and that a biopsy conferred no QALY gain and used scenario 1 (described in Table 35). In 
this scenario, only a FibroScan triage policy was more cost-effective than biopsying all patients, 
assuming a cost per QALY threshold of £20,000, where the cost-effectiveness of biopsying all 
patients had a cost per QALY of £71,327 compared with a FibroScan triage policy. The cost per 
QALY of biopsying all patients was £15,683 compared with an ELF triage policy and £17,702 

TABLE 34 The univariate sensitivity analyses conducted using scenario 1, and assuming equal rates of abstinence in 
those diagnosed with cirrhosis and assuming no incidental benefit

Parameter
Central 
estimate

Extreme values 
tested Cost-effectivenessa

Prevalence of cirrhosis (%) 35 25–45 When set to 25%, the ELF triage strategy (£26,547) 
and the ELF replacement strategy (£28,783) 
became cost-effective

Cost of a percutaneous biopsy (£) 894 600–1500 When set to £1500, the ELF triage strategy 
(£26,581) and the ELF replacement strategy 
(£38,245) became cost-effective

Costs of FibroScan, ELF and FibroTest (£) 50, 45 and 50 40–100 No change

Simultaneous changing of all costs associated with 
the eight end points (%)

See Table 33 –25–50 When set to –25%, the ELF replacement strategy 
(£20,404) became cost-effective

Simultaneous changing of all QALYs associated with 
the eight end points (%)

See Table 33 –25–50 When set to –25%, the ELF triage strategy 
(£20,928) and the ELF replacement strategy 
(£23,641) became cost-effective

Mortality rate following percutaneous biopsy (%) 0.09 0.05–0.20 When set to 0.2%, the ELF replacement strategy 
(£27,293) became cost-effective

The average costs of dealing with complications 
following a biopsy (£)

7 0–100 No change

Percentage of biopsies that need to be repeated (%) 0 0–5 No change

Percentage of FibroScans that do not produce 
usable results (%)

20 10–40 No change

Percentage of FibroTests that do not produce usable 
results (%)

25 10–40 No change

Percentage of ELFs that do not produce usable 
results (%)

25 10–40 No change

The proportion of patients who progress to cirrhosis 
if they continue to drink heavily (%)

20 10–40 When set to 40%, the ELF replacement strategy 
(£23,440) became cost-effective

a Changes to the cost-effectiveness of strategies compared with biopsying all patients assuming a willingness to pay of £20,000 per QALY. The 
numbers in parentheses indicate the cost per QALY of biopsying all compared with the strategy, where the cost-effectiveness conclusion has 
changed.
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compared with an ELF replacement policy, which were the two strategies where the cost-
effectiveness of biopsying all patients was most uncertain.

In a number of univariate sensitivity analyses, there was a change in the cost-effectiveness of 
some strategies compared with biopsying all patients, although often this was because of the 
cost-effectiveness of biopsying all patients becoming slightly > £20,000 per QALY. Given the large 
impact on results caused by plausible changes in the remaining parameters, a decision was made 
to simplify the results produced by fixing the parameters in Table 34 at their central estimates, 
with the acknowledgement that uncertainty and interactions between these parameters were not 
considered, which would result in the results produced underestimating uncertainty.

Strategies with poor specificity for cirrhosis (diagnosing all with cirrhosis, and in some scenarios 
the ELF) produced the greatest number of QALYs owing to the assumed higher proportion of 
patients who became abstinent because of a diagnosis of cirrhosis. However, these relatively 
small QALY gains were not sufficient to be deemed cost-effective when the costs of follow-up in 
patients incorrectly diagnosed with cirrhosis were considered.

Key parameters that were identified as affecting the cost-effectiveness were:

1. The assumed sensitivity of biopsy and the assumption made regarding the accuracy of the 
NILTs in detecting these FPs. The scenarios analysed were 100% sensitivity, 80% sensitivity 
with pessimistic assumptions for the NILTs and 80% sensitivity with optimistic assumptions 
for the NILTs.

2. The assumed sensitivity and specificity of biopsy and of each NILT. These were the three 
scenarios detailed in Tables 28–30.

3. Whether or not the biopsy was undertaken using a percutaneous or transjugular method.
4. Whether or not the QALY loss associated with a biopsy would include any effects of anxiety. 

This was denoted as normal, which was the estimated value associated with severe adverse 
events, or high, a value of 0.04.

5. The assumed changes in abstinence rates dependent on the tests used to diagnose cirrhosis.
6. The assumed potential incidental QALY benefits of biopsy.

The fifth and sixth parameters within the list were evaluated using a threshold approach for each 
combination of the remaining four parameters. This resulted in 36 potential scenarios, which 
are detailed in Table 35. It is stressed that the scenarios regarding sensitivity and specificity for 
each of NILTs do not have to be compared directly, and that it is possible to compare scenario 
1 for one NILT with scenario 2 for another, and with scenario 3 for a third. Similarly, when 
80% sensitivity is assumed for biopsy, it may be plausible that one NILT could use an optimistic 
assumption, whereas a separate test, with a different modality, may use a pessimistic assumption.

Given the large uncertainty in the two parameters shown to be key in the exploratory analyses 
(the relationship between abstinence and the test used to diagnose cirrhosis and the gain in 
QALYs associated with biopsy), it was decided that carrying out a formal probabilistic sensitivity 
analyses163 would offer little additional insight.

The results in terms of costs, QALYs and predicted number of patients who receive a biopsy 
are presented in Appendix 10 for each of the 36 scenarios. These tables can be used to calculate 
incremental cost-effectiveness ratios for comparisons of all scenarios presented; the range of 
cost-effectiveness values is wide and can be seen to be favourable to the use of NILTs in some 
scenarios, with the use of NILTs producing more QALYs at a lower cost, but favourable to biopsy 
in other scenarios. However, it is stressed that these values assume that there is no decrease in 
abstinence rates when NILTs are used as a replacement for biopsy, that there are no incidental 
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benefits of conducting a biopsy, and that the results could change markedly when values are 
assigned to these parameters.

Threshold analysis regarding the rates of abstinence

A threshold analysis was performed, which evaluated the change in the proportion of patients 
who remain abstinent required to change the conclusion so that biopsying all patients is the 
most cost-effective option. In this analysis, the increases were stepped in units of 0.1 percentage 
points until the test was no longer cost-effective, with this value reported as the threshold. For 

TABLE 35 The 36 scenarios analysed

Scenario 
number Biopsy sensitivity scenario NILT accuracy scenario

Percutaneous or 
transjugular biopsy Biopsy disutility

1 100% Scenario 1 Percutaneous Normal

2 100% Scenario 1 Percutaneous High

3 100% Scenario 1 Transjugular Normal

4 100% Scenario 1 Transjugular High

5 100% Scenario 2 Percutaneous Normal

6 100% Scenario 2 Percutaneous High

7 100% Scenario 2 Transjugular Normal

8 100% Scenario 2 Transjugular High

9 100% Scenario 3 Percutaneous Normal

10 100% Scenario 3 Percutaneous High

11 100% Scenario 3 Transjugular Normal

12 100% Scenario 3 Transjugular High

13 80% pessimistic Scenario 1 Percutaneous Normal

14 80% pessimistic Scenario 1 Percutaneous High

15 80% pessimistic Scenario 1 Transjugular Normal

16 80% pessimistic Scenario 1 Transjugular High

17 80% pessimistic Scenario 2 Percutaneous Normal

18 80% pessimistic Scenario 2 Percutaneous High

19 80% pessimistic Scenario 2 Transjugular Normal

20 80% pessimistic Scenario 2 Transjugular High

21 80% pessimistic Scenario 3 Percutaneous Normal

22 80% pessimistic Scenario 3 Percutaneous High

23 80% pessimistic Scenario 3 Transjugular Normal

24 80% pessimistic Scenario 3 Transjugular High

25 80% optimistic Scenario 1 Percutaneous Normal

26 80% optimistic Scenario 1 Percutaneous High

27 80% optimistic Scenario 1 Transjugular Normal

28 80% optimistic Scenario 1 Transjugular High

29 80% optimistic Scenario 2 Percutaneous Normal

30 80% optimistic Scenario 2 Percutaneous High

31 80% optimistic Scenario 2 Transjugular Normal

32 80% optimistic Scenario 2 Transjugular High

33 80% optimistic Scenario 3 Percutaneous Normal

34 80% optimistic Scenario 3 Percutaneous High

35 80% optimistic Scenario 3 Transjugular Normal

36 80% optimistic Scenario 3 Transjugular High
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all strategies, only the abstinence rate associated with diagnosis by the NILT was altered, with 
the abstinence rates associated with biopsy remaining unaffected. Thus, for a triage strategy, 
those patients in whom the NILT was positive would progress to biopsy and would have an 
abstinence rate determined by biopsy; those patients in whom the NILT was negative would have 
an abstinence rate associated with a negative NILT diagnosis, rather than a biopsy diagnosis, and 
it is the former value that is altered in the threshold analyses. For replacement strategies, both 
the positive and negative abstinence rates would be altered as both would be determined by the 
NILT alone.

This is presented for all nine NILT strategies (four triaging, four replacement and one to diagnose 
all with cirrhosis). The figures have been commented on to provide the reader with an aid to 
interpret the results.

The threshold results are presented without comment on whether or not the thresholds are 
realistically achievable; no data were found on abstinence rate by method of diagnosis, and any 
reduction based on a non-invasive diagnostic technique is a matter of genuine clinical debate. 
Where the threshold is a zero decrease in abstinence rates, this indicates that, for that specific 
scenario, biopsying all patients was deemed a more cost-effective option than the relevant 
strategy with equal abstinence rates and no QALY gain from biopsy. These thresholds are shown 
graphically in Figures 10–27, assuming a cost per QALY threshold of £20,000, with more detailed 
results presented in Appendix 10. The thresholds can vary markedly; it is noted that in the 
scenarios most favourable to the NILT, the comparator is transjugular biopsy and a high degree of 
disutility prior to the biopsy is assumed.

It is stressed that the threshold on abstinence is undertaken separately from the threshold on 
the potential benefits associated with a biopsy. Clearly the threshold for abstinence rates would 
decrease if there was a belief that there was also a QALY benefit associated with a biopsy.

No formal elicitation was undertaken to determine what the likely range of values for the 
decrease in abstinence rates when using a NILT or on the incidental benefits of a biopsy. The 
clinical input that was received suggested that these values would be highly uncertain.

The scenarios that are more favourable to FibroScan triage assume scenario 1 for test accuracy. In 
the most favourable scenario to FibroScan triage, the abstinence rate would need to decrease by 
≥ 6.7 percentage points for biopsying all to be more cost-effective; alternative scenarios estimate 
that biopsying all patients is more cost-effective than FibroScan triage, even assuming the same 
rate in abstinence.

FIGURE 10 Threshold analyses on abstinence for FibroScan triage. The threshold for change in abstinence where 
biopsying all becomes more cost-effective than FibroScan triage.
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The ELF triage has a wide range of thresholds for decrease in abstinence levels, which can be 
as high as 6.3 percentage points in the most favourable scenarios, although often this value is 
< 2%. It is commented that the sensitivity and specificity for the ELF have not been taken from a 
cirrhotic population and are thus subject to more uncertainty than in the remaining tests.

For all scenarios, an increase in abstinence rates by ≥ 4.3 percentage points resulted in biopsying 
all patients being more cost-effective than FibroTest. However, in the majority of scenarios, 
biopsying all patients is indicated to be more cost-effective than FibroTest triage.
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FIGURE 11 Threshold analyses on abstinence for ELF triage. The threshold for change in abstinence where biopsying 
all becomes more cost-effective than ELF triage.
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FIGURE 12 Threshold analyses on abstinence for FibroTest triage. The threshold for change in abstinence where 
biopsying all becomes more cost-effective than FibroTest triage.

P
er

ce
nt

ag
e 

p
oi

nt
 d

ec
re

as
e 

in
ab

st
in

en
ce

 fo
r 

b
ot

h 
th

e 
ci

rr
ho

tic
an

d
 n

on
-c

irr
ho

tic
 p

op
ul

at
io

ns 10.0

8.0

6.0

4.0

2.0

0.0
5 10 15

Scenario

200 25 30 35

FIGURE 13 Threshold analyses on abstinence for clinical experience triage. The threshold for change in abstinence 
where biopsying all becomes more cost-effective than clinical experience triage.
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For all scenarios, an increase in abstinence rates of ≥ 0.5 percentage points resulted in 
biopsying all patients being more cost-effective than clinical experience triage. However, in the 
majority of scenarios, biopsying all patients is indicated to be more cost-effective than clinical 
experience triage.

For FibroScan replacement, the threshold values only rise > 1% when it is assumed that the 
sensitivity of biopsy in detecting cirrhosis is 80% and that a FibroScan would have detected these 
FNs as being cirrhotic. In this instance, the threshold level approaches 6 percentage points.

The threshold associated with ELF replacement varies markedly, but is relatively high and can 
reach 6 percentage points when it is assumed that the sensitivity of biopsy in detecting cirrhosis is 
80% and that an ELF would have detected these FNs as being cirrhotic. It is commented that the 
sensitivity and the specificity for the ELF have not been taken from a cirrhotic population and are 
thus subject to more uncertainty than the remaining tests.

FIGURE 14 Threshold analyses on abstinence for FibroScan replacement. The threshold for change in abstinence 
where biopsying all becomes more cost-effective than treating based on the FibroScan alone.
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FIGURE 15 Threshold analyses on abstinence for ELF replacement. The threshold for change in abstinence where 
biopsying all becomes more cost-effective than treating based on the ELF alone.
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For the majority of scenarios, biopsying all patients is more cost-effective than a FibroTest 
replacement policy. The threshold is relatively high (reaching 6 percentage points) when it is 
assumed that the sensitivity of biopsy in detecting cirrhosis is 80% and that a FibroTest would 
have detected these FNs as being cirrhotic, and scenario 1 for FibroTest accuracy is used.

For all scenarios, an increase in abstinence rates by ≥ 2.8 percentage points resulted in biopsying 
all patients being more cost-effective than clinical experience replacement. For a sizeable 
proportion of scenarios, biopsying all patients was more cost-effective than a clinical experience 
replacement strategy.

FIGURE 16 Threshold analyses on abstinence for FibroTest replacement. The threshold for change in abstinence where 
biopsying all becomes more cost-effective than treating based on the FibroTest alone.
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FIGURE 17 Threshold analyses on abstinence for clinical experience replacement. The threshold for change in 
abstinence where biopsying all becomes more cost-effective than treating based on clinical experience alone.
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For all scenarios, biopsying all patients was more cost-effective than a test that had 100% 
sensitivity and 0% specificity. Although the diagnose all strategy produced most QALYs, the 
large number of positives was associated with a much greater cost because of clinical follow-up 
following a diagnosis of cirrhosis.

Threshold analysis regarding the potential benefits associated 
with a biopsy

A threshold analysis was performed, which evaluated the average gain in QALY from a biopsy 
compared with a NILT to change the conclusion so that biopsying all patients is the most cost-
effective option. In this analysis, the increases were stepped in units of 0.001 QALYs until the test 
was no longer cost-effective, with this value reported as the threshold.

This is presented for all nine NILT strategies (four triaging, four replacement and one to diagnose 
all with cirrhosis). The figures have been commented on to provide the reader with an aid to 
interpret the results.

The threshold results are presented without comment on whether or not the thresholds are 
realistically achievable; no quantitative data were found on the incidental benefits of biopsy 
compared with a NILT. Where the threshold is a zero decrease in abstinence rates, this indicates 
that, for that specific scenario, biopsying all patients was deemed a more cost-effective option 
than the relevant strategy with equal abstinence rates and no QALY gain from biopsy. These are 
shown graphically in the main report (see Figures 19–27), with the actual values presented in 
Appendix 10.

It is stressed that the threshold on abstinence is undertaken separately from the threshold on the 
potential benefits associated with rates of abstinence. Thus, the threshold for QALY gain from a 
biopsy would decrease if there was believed to be an increase in abstinence rates following biopsy. 
Similarly, the threshold for abstinence rates following biopsy would decrease if there was believed 
to be a QALY gain from biopsy.
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FIGURE 18 Threshold analyses on abstinence for diagnosing all with cirrhosis replacement. The threshold for change in 
abstinence where biopsying all becomes more cost-effective than diagnosing all patients with cirrhosis.
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It is seen that if the QALY increase associated with a biopsy is ≥ 0.12, then biopsying all patients 
is the most cost-effective option. For the majority of scenarios, biopsying all patients is the most 
cost-effective option.

It is seen that if the QALY increase associated with a biopsy is ≥ 0.11, then biopsying all patients is 
the most cost-effective option. It is commented that the sensitivity and the specificity for the ELF 
have not been taken from a cirrhotic population and are thus subject to more uncertainty than 
the remaining tests.
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FIGURE 19 Threshold analyses on QALY gain associated with a biopsy for FibroScan triage. The threshold for QALY 
gain per biopsy performed when biopsy becomes more cost-effective than FibroScan triage.

FIGURE 20 Threshold analyses on QALY gain associated with a biopsy for ELF triage. The threshold for QALY gain per 
biopsy performed when biopsy becomes more cost-effective than ELF triage.
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For all scenarios, a gain in biopsy of ≥ 0.08 QALYs resulted in biopsying all patients being more 
cost-effective than FibroTest triage. However, in the majority of scenarios, biopsying all patients 
is indicated to be more cost-effective than FibroTest triage.

For all scenarios, a gain in biopsy of ≥ 0.01 QALYs resulted in biopsying all patients being more 
cost-effective than clinical experience triage. In the majority of scenarios, biopsying all patients 
was estimated to be more cost-effective than clinical experience triage.
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FIGURE 23 Threshold analyses on QALY gain associated with a biopsy for FibroScan replacement. Threshold for QALY 
gain per biopsy performed when biopsy becomes more cost-effective than treating based on the FibroScan alone.
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FIGURE 22 Threshold analyses on QALY gain associated with a biopsy for clinical experience triage. The threshold for 
QALY gain per biopsy performed when biopsy becomes more cost-effective than clinical experience triage.

A
ve

ra
ge

 g
ai

n 
in

 Q
A

LY
as

so
ci

at
ed

 w
ith

 a
 b

io
p

sy

0.6

0.5

0.4

0.3

0.2

0.1

0
5 10 15

Scenario

200 25 30 35

FIGURE 21 Threshold analyses on QALY gain associated with a biopsy for FibroTest triage. The threshold for QALY 
gain per biopsy performed when biopsy becomes more cost-effective than FibroTest triage.
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For FibroScan replacement, the threshold values are relatively greatest when it is assumed that the 
sensitivity of biopsy in detecting cirrhosis is 80% and that a FibroScan would have detected these 
FNs as being cirrhotic. The greatest threshold value seen is < 0.16 QALYs.

The greatest threshold values are produced when it is assumed that the sensitivity of biopsy in 
detecting cirrhosis is 80% and that an ELF would have detected these FNs as being cirrhotic. 
These thresholds are not estimated to be > 0.18 QALYs. It is commented that the sensitivity and 
the specificity for the ELF have not been taken from a cirrhotic population and are thus subject to 
more uncertainty than the remaining tests.

The results are seen to be more favourable to FibroTest replacement when it is assumed that 
the sensitivity of biopsy in detecting cirrhosis is 80% and that the FibroTest would have 
detected these FNs as being cirrhotic; in this instance, the threshold is 0.19 QALYs. However, 
in most scenarios, biopsying all patients is estimated to be more cost-effective than a FibroTest 
replacement strategy.
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FIGURE 25 Threshold analyses on QALY gain associated with a biopsy for FibroTest replacement. Threshold for QALY 
gain per biopsy performed when biopsy becomes more cost-effective than treating based on the FibroTest alone.
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FIGURE 24 Threshold analyses on QALY gain associated with a biopsy for ELF replacement. Threshold for QALY gain 
per biopsy performed when biopsy becomes more cost-effective than treating based on the ELF alone.
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For all scenarios, a gain in QALY of ≥ 0.09 associated with a biopsy resulted in biopsying all 
patients being more cost-effective than clinical experience replacement.

In all scenarios, biopsying all patients was more cost-effective than a test with 100% sensitivity 
and 0% specificity, that is, diagnosing all with cirrhosis. Although the diagnose all strategy 
produced most QALYs, the large number of positives was associated with a much greater cost 
because of clinical follow-up following a diagnosis of cirrhosis.

Conclusions drawn from the cost-effectiveness results

It has been shown that the cost-effectiveness of each strategy is sensitive to relatively small values 
in the abstinence rates assumed to be associated with that strategy. For the triage policies, in the 
most favourable scenarios a decrease in abstinence of ≥ 6.7 percentage points in those diagnosed 
as without cirrhosis results in biopsying all to be the most cost-effective strategy; this value 
decreases to 4.5 percentage points if scenarios in which a biopsy is associated with anxiety and 
thus a high disutility are excluded, and falls to 2.2 percentage points when transjugular biopsies 
are further excluded. In general, the threshold values were typically < 2 percentage points, and in 
a sizeable number of scenarios biopsying all patients was more cost-effective than a NILT triaging 
strategy. FibroScan and the ELF appeared to perform better than the NILTs, although the small 
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FIGURE 27 Threshold analyses on QALY gain associated with a biopsy for diagnosing all with cirrhosis replacement. 
Threshold for QALY gain per biopsy performed when biopsy becomes more cost-effective than diagnosing all patients 
with cirrhosis.
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FIGURE 26 Threshold analyses on QALY gain associated with a biopsy for clinical experience replacement. Threshold 
for QALY gain per biopsy performed when biopsy becomes more cost-effective than treating based on clinical 
experience alone.
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data set taken from a non-cirrhotic population casts more uncertainty regarding the ELF results. 
In some scenarios, however, FibroTest had relatively high thresholds.

For the replacement strategies, the greatest threshold for decreased abstinence rates was 6.0 
percentage points, decreasing to 4.7 percentage points when scenarios in which a biopsy is 
associated with anxiety and thus a high disutility are excluded, and falling to 3.5 percentage 
points when transjugular biopsies are further excluded. FibroScan and the ELF appeared 
to perform better than the NILTs, although in some scenarios FibroTest had relatively 
high thresholds.

The conclusions from the threshold on abstinence rates also apply to the threshold analyses 
conducted on the QALY gains associated with a biopsy, with the cost-effectiveness results 
sensitive to relatively small changes in the QALY gain associated with a biopsy. For the triage 
policies, a QALY gain of ≥ 0.118 in those diagnosed as without cirrhosis results in biopsying all 
being the most cost-effective strategy; this value decreases to 0.078 if scenarios in which a biopsy 
is associated with anxiety and a high disutility are excluded, and reduces to 0.038 if transjugular 
biopsies are excluded.

For the replacement strategies, the greatest threshold for decreased abstinence rates is 0.186 
QALYs, which decreases to 0.148 QALYs when scenarios in which a biopsy is associated with 
anxiety and thus a high disutility are excluded, and falls to 0.108 QALYs when transjugular 
biopsies are further excluded.

It is stressed that the threshold analyses on decreases in abstinence rates and in potential QALY 
gains from biopsies have been undertaken independently, and these thresholds would fall if both 
a decrease in abstinence rates and a gain from a biopsy were assumed.

The sensitivity of the model to these parameters, together with the absence of data on these 
issues, means that no reliable estimate can be provided for either the incremental cost or the 
incremental QALY of a strategy when compared with biopsying all patients, and thus also 
the incremental cost-effectiveness ratio. Until further data are obtained, no conclusion can be 
provided on the most cost-effective strategy; however, there is evidence that some strategies, 
such as using clinical experience or diagnosing all patients with cirrhosis, will not be the most 
cost-effective. Accordingly, there is not sufficient evidence to support a change from current 
best practice.108
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Chapter 7  

Discussion

The estimation of the clinical effectiveness and the cost-effectiveness of NILTs for patients with 
suspected ALD has been difficult to conduct with precision owing to the paucity of data. As 

discussed in Chapter 4, Discussion of clinical effectiveness, there is insufficient robust evidence 
for the diagnostic and prognostic accuracy of NILTs in patients with suspected ALD. Moreover, 
even were such evidence available, there is no evidence linking test results to subsequent drinking 
behaviour, although long-term abstention from alcohol is known to be by far the most important 
management aim in patients with ALD.

The uncertainty in the clinical parameters resulted in 36 scenarios being evaluated with 
individual threshold analyses performed for two key variables within the conceptual model, 
which were the possibility of a decrease in abstinence rates associated with the NILTs compared 
with biopsy and the QALY gain that may be provided by a biopsy.

It is uncertain which, if any, of the 36 scenarios provide the best representation of reality, adding 
considerable uncertainty. The lack of data on the potential decreases in abstinence rates or 
QALY gains provided by a biopsy adds considerably more uncertainty, and it was seen that small 
changes in these values could alter the conclusion of whether or not a strategy was cost-effective 
compared with biopsying all patients. As such, it is not possible to provide a robust value for the 
incremental cost of a new strategy, the incremental QALYs of a new strategy and ultimately the 
incremental cost per QALY ratio. Scenarios exist in which each of the strategies analysed is more 
cost-effective than biopsying all patients and, in contrast, scenarios exist in which each strategy is 
less cost-effective than biopsying all patients.

It is plausible that patient behaviour may be affected if the specificity of the test is known, as 
could be the conviction with which a clinician would be able to tell the patient that they have 
cirrhosis if the positive predictive value of a NILT replacement strategy was low. A gain in QALYs 
associated with a biopsy, could also change the conclusion regarding the more cost-effective 
strategy when comparing biopsying all patients with diagnosing all patients with cirrhosis; if the 
gain per patient was > 0.19 QALYs, biopsying all patients would become the more cost-effective 
strategy in all scenarios.

Until better data are available for a large number of model parameters, no conclusion can 
be provided regarding the cost-effectiveness of NILTs in ALD. In particular, the following 
parameters need to be the subject of further research; however, this list does not indicate a 
priority order, which cannot be determined given the present limited data:

1. the sensitivity and specificity of biopsy compared with a gold standard of post-mortem 
assessment of fibrosis

2. the sensitivity and specificity of each NILT against a gold standard of post-mortem 
assessment of fibrosis (or failing that biopsy) at validated and pre-selected cut-off thresholds 
for the various degrees of liver damage

3. the influence of potential confounding variables, such as current drinking behaviour and the 
degree of hepatic inflammation, on the performance of NILTs

4. differential information on the percentage of alcohol misusers who will develop alcohol-
related cirrhosis over time, by age at onset, gender and ethnic origin
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5. the likelihood, and magnitude, of decreases in abstinence rates associated with a diagnosis of 
significant ALD by diagnostic modality compared with biopsy

6. the incidental gains in QALYs that may be associated with biopsy, owing to the 
determination of non-ALD-related aetiologies.

It is also noted that this report has addressed neither the issue of whether or not the provision of 
suitable care facilities, both before and after diagnosis, is sufficient nor the potential implications 
of regional variation in practice. These are key issues that would benefit from future research.

It is noted, as a limitation of the report, that study selection and data analysis were undertaken by 
one reviewer.
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Appendix 1  

Categorisation of disease progression as 
identified by liver biopsy

In chronic liver disease, the liver may be affected by inflammation or fibrosis or both. The term 
‘grading’ is conventionally used to describe the degree of inflammatory activity, whereas the 

term ‘staging’ is used to describe the degree of fibrosis and also architectural change.15

A number of systems have been developed to measure and categorise these factors as identified 
by liver biopsy. These include the Knodell Histological Activity Index (HAI),164 the Ishak-
modified HAI,165 and the Scheuer,166 Batts–Ludwig,134 Brunt,137 and METAVIR133 scoring systems. 
Some of these were developed for chronic liver disease of a specific aetiology, for example 
Brunt137 and Kleiner136 for NAFLD and METAVIR for hepatitis C.94

The studies reviewed in this report that evaluated the test accuracy of NILTs using liver biopsy 
as their reference standard most commonly used the METAVIR staging system to measure the 
degree of fibrosis; however, some used other systems. For comparative purposes, the staging 
systems used in the included studies are summarised in Table 36. It should be noted that, 
although the staging systems have numeric labels that imply a linear increase in fibrosis severity 
between stages, they are in fact ordinal. In other words, although the stages follow a logical 
ordering in terms of disease severity, they do not represent an underlying continuous scale 
of measurement such that equal differences between values in the scale represent equivalent 
differences in the degree of fibrosis (so, for instance, METAVIR stage F4 does not indicate 
twice as much fibrosis as METAVIR stage F2). However, the degree of fibrosis is a continuous 
variable and the non-invasive tests reviewed in this report measure continuous variables (serum 
biochemical markers or liver stiffness) yielding results that may occur at any point on the 
relevant scale.
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Appendix 2  

The Alcohol Use Disorders Identification Test

The AUDIT provides a score based on the following series of questions.31

1. How often do you have a drink containing alcohol?

Never (0)
Monthly or less (1)
Two to four times a month (2)
Two to three times a week (3)
Four or more times a week (4)

2. How many drinks containing alcohol do you have in a typical day when you are drinking?

1 or 2 (0)
3 or 4 (1)
5 or 6 (2)
7 to 9 (3)
10 or more (4)

3. How often do you have six or more drinks on any one occasion?

Never (0)
Less than monthly (1)
Monthly (2)
Weekly (3)
Daily or almost daily (4)

4. How often during the last year have you found that you were not able to stop drinking once 
you had started?

Never (0)
Less than monthly (1)
Monthly (2)
Weekly (3)
Daily or almost daily (4)

5. How often during the last year have you failed to do what was normally expected of you 
because of drinking?

Never (0)
Less than monthly (1)
Monthly (2)
Weekly (3)
Daily or almost daily (4)
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6. How often during the last year have you needed a first drink in the morning to get yourself 
going after a heavy drinking session?

Never (0)
Less than monthly (1)
Monthly (2)
Weekly (3)
Daily or almost daily (4)

7. How often during the last year have you had a feeling of guilt or remorse after drinking?

Never (0)
Less than monthly (1)
Monthly (2)
Weekly (3)
Daily or almost daily (4)

8. How often during the last year have you been unable to remember what happened the night 
before because you had been drinking?

Never (0)
Less than monthly (1)
Monthly (2)
Weekly (3)
Daily or almost daily (4)

9. Have you or someone else been injured because of your drinking?

No (0)
Yes, but not in the last year (2)
Yes, during the last year (4)

10. Has a relative, friend, doctor or other health worker been concerned about your drinking or 
suggested that you should cut down?

No (0)
Yes, but not in the last year (2)
Yes, during the last year (4)
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Appendix 3  

Liver biopsy: systematic review of 
adverse events

A systematic review was carried out with the aim of identifying studies that reported adverse 
events in adults undergoing either percutaneous or transjugular liver biopsy for any form of 

suspected liver disease. Because the aim was to assess the incidence of adverse events relating to 
each biopsy route, studies that included < 100 relevant patients undergoing biopsy by each route 
were excluded, as were any studies in which results were not provided separately for each route.

Details of the literature searches and the inclusion and exclusion criteria may be found in 
Appendix 4.

The searches were not restricted by study type, language, or date. However, because of the 
possibility of changes in standards of care over time, studies were excluded if they included data 
relating to biopsies undertaken prior to 1980. Moreover, because of time constraints, it was not 
possible to include non-English-language papers in the systematic review.

The same three-stage sifting process was used as in the systematic review of clinical effectiveness. 
Data were extracted directly to the tables included in the report.

The electronic literature searches identified 2289 potentially relevant articles. Of these, 12 met the 
review’s inclusion criteria (for PRISMA diagram, see Appendix 4). Seventeen additional relevant 
articles were identified from citations.96,167–182

Data from these studies relating to adverse events, both minor and severe, and deaths associated 
with liver biopsy are set out in Tables 37 and 38. Because patients undergoing transjugular 
biopsy are at higher risk of complications than those undergoing percutaneous biopsy, the two 
techniques have been considered separately.

The pooled data for percutaneous biopsy suggest that over 7% of patients suffer related minor 
adverse events, although < 1% suffer severe related adverse events (including death) and < 0.1% 
die (see Table 37). The comparable figures for transjugular biopsy are somewhat higher, at over 
9%, 1.45%, and 0.18%, respectively (see Table 38). However, as may be seen, rates vary between 
individual studies. This is due, at least in part to, the use of varying definitions of minor and 
severe adverse events. Because of time constraints, it has not been possible to explore these issues, 
nor those relating to the use of ultrasound guidance for percutaneous biopsy, the clinical setting, 
and patient and clinician characteristics.
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Appendix 4  

Systematic review of the adverse effects of 
liver biopsy: search strategies

Sources searched

The electronic bibliographic databases that were searched are listed in Appendix 5. The searches 
were carried out in February 2010.

Search strategies

The MEDLINE search strategy may be found in Appendix 5.

Inclusion criteria
Population

 ■ Adults.

Intervention
 ■ Percutaneous or transjugular liver biopsy.

Outcomes
 ■ Adverse events probably or possibly caused by the liver biopsy.

Setting
 ■ Any country.

Study type
 ■ Any study design which presented data relating to over 100 patients.

Exclusion criteria
Population

 ■ Fewer than 100 participants (either overall or in either arm of a RCT comparing 
percutaneous with transjugular biopsy).

Intervention
 ■ Laparoscopic liver biopsy.
 ■ Biopsy undertaken prior to 1980.

Study type
 ■ Animal models.
 ■ Narrative reviews, editorials, opinions.
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Articles identified through database searching, 
duplicates removed, screened by title/abstract

 (n = 2289)

Articles excluded 
 (n = 2274)

Full-text articles assessed for eligibility
(n = 32)

Full-text articles excluded
(n = 3)

Additional relevant articles 
identified through other sources

 (n = 17)

Articles included in narrative synthesis
(n = 29, relating to 29 studies)

Articles included in quantitative 
synthesis (meta-analysis)

(n = 29)

FIGURE 28 Adverse effects of liver biopsy: summary of study selection and exclusion.
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Appendix 5  

Assessment of clinical effectiveness and 
cost-effectiveness, adverse effects, and 
quality of life: search strategies

The following electronic databases were searched:

1. MEDLINE via Ovid (1950 to present)
2. EMBASE via Ovid (1980 to present)
3. MEDLINE In-Process & Other Non-Indexed Citations via Ovid (1950 to present)
4. The Cochrane library:

 ■ Cochrane Database of Systematic Reviews (CDSR, 1996 to present)
 ■ Cochrane Central Register of Controlled Trials (CENTRAL, 1898 to present)
 ■ Database of Abstracts of Reviews of Effects (DARE, 1995 to present)
 ■ Cochrane Methodology Register (1904 to present)
 ■ Health Technology Assessment Database (1995 to present)
 ■ NHS Economic Evaluation Database (1995 to present)

5. CINAHL via EBSCO (1982 to present)
6. Web of Knowledge:

 ■ Science Citation Index (SCI, 1969 to present)
 ■ Conference Proceedings Citation Index (CPCI-S, 1990 to present)
 ■ BIOSIS Previews (1969 to present).

Search strategies

The search strategies shown below were used in Ovid MEDLINE (1950 to present), and were 
adapted for use across multiple databases.

Clinical effectiveness search strategy
To retrieve evidence of the diagnostic test reliability and accuracy, the broad and specific 
intervention terms (1–5, 9–15, 20–60) were combined with those of the clinical condition, 
namely liver fibrosis (6–7, 17–19), and then combined with the diagnostic filter (62–74). Search 
terms for the diagnostic test manufacturers were also included in the strategy (75–78).

1. (enhanced adj liver adj fibrosis).tw.
2. (elf adj test$).tw.
3. (elf and diagnos$).tw.
4. (elf and (fibros*s or cirrhos*s)).tw.
5. elf.tw.
6. exp liver cirrhosis/or exp liver diseases, alcoholic/
7. 5 and 6
8. 1 or 2 or 3 or 4 or 7
9. FibroTest.tw.

10. fibrosure.tw.
11. fibromax.tw.
12. FibroScan.tw.



122 Appendix 5

13. ashtest.tw.
14. (transient adj elastograph$).tw.
15. (elastograph$and liver).tw.
16. or/9-15
17. exp liver cirrhosis/or exp liver diseases, alcoholic/
18. (fibros*s or cirrhos*s).tw.
19. 17 or 18
20. Biological Markers/
21. (biomarker$or bio-marker$).tw.
22. (marker$and (biologic$or biochemical or serum or direct or indirect)).tw.
23. Algorithms/
24. algorithm$.tw.
25. (composite and blood).tw.
26. or/20-25
27. 19 and 26
28. Hyaluronic Acid/
29. ((hyaluronic adj acid) or (hyalauronate or hyaluronan)).tw.
30. 28 or 29
31. (procollagen or piiinp or p3np or ppcp).tw.
32. ((tissue and inhibitor and metalloproteinase$) or timps).tw.
33. 30 and 31 and 32
34. 30 or 31 or 32
35. 34 and 19
36. Alpha-Macroglobulins/
37. ((alpha and macroglobulin$) or (alpha adj 2m)).tw.
38. 36 or 37
39. ((apolipoprotein$adj a1) or apoa1).tw.
40. Haptoglobins/
41. haptoglobin$.tw.
42. 40 or 41
43. (bilirubin$or hematoidin$).tw.
44. (gamma adj glutamyl adj transpeptidase$).tw.
45. (gamma adj glutamyltransferase$).tw.
46. ((gamma adj gt) or ggt or ggtp).tw.
47. 44 or 45 or 46
48. 38 and 39 and 42 and 43 and 47
49. 38 or 39 or 42 or 43 or 47
50. 49 and 19
51. (alanine adj (aminotransferase$or aminotransaminase$)).tw.
52. (serum adj glutamic adj pyruvic adj transaminase$).tw.
53. sgpt.tw.
54. 51 or 52 or 53
55. (aspartate adj (aminotransferase$or aminotransaminase$)).tw.
56. (serum adj glutamic adj oxaloacetic adj transaminase$).tw.
57. sgot.tw.
58. 55 or 56 or 57
59. 38 and 39 and 42 and 43 and 47 and 54 and 58
60. 38 or 39 or 42 or 43 or 47 or 54 or 58
61. 60 and 19
62. exp “Sensitivity and Specificity”/
63. sensitivity.tw.
64. specificity.tw.
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65. ((pre-test or pretest) adj probability).tw.
66. post-test probability.tw.
67. predictive value$.tw.
68. likelihood ratio$.tw.
69. or/62-68
70. 27 and 69
71. 35 and 69
72. 50 and 69
73. 61 and 69
74. 70 or 71 or 72 or 73
75. iqur.tw.
76. biopredictive.tw.
77. echosens.tw.
78. 75 or 76 or 77
79. 8 or 16 or 33 or 48 or 59 or 74 or 78

Cost-effectiveness search strategy
To retrieve evidence of cost-effectiveness, a costs filter (80–100) was added to the search strategy 
for the clinical effectiveness studies (1–79).

1. (enhanced adj liver adj fibrosis).tw.
2. (elf adj test$).tw.
3. (elf and diagnos$).tw.
4. (elf and (fibros*s or cirrhos*s)).tw.
5. elf.tw.
6. exp liver cirrhosis/or exp liver diseases, alcoholic/
7. 5 and 6
8. 1 or 2 or 3 or 4 or 7
9. FibroTest.tw.

10. fibrosure.tw.
11. fibromax.tw.
12. FibroScan.tw.
13. ashtest.tw.
14. (transient adj elastograph$).tw.
15. (elastograph$and liver).tw.
16. or/9-15
17. exp liver cirrhosis/or exp liver diseases, alcoholic/
18. (fibros*s or cirrhos*s).tw.
19. 17 or 18
20. Biological Markers/
21. (biomarker$or bio-marker$).tw.
22. (marker$and (biologic$or biochemical or serum or direct or indirect)).tw.
23. Algorithms/
24. algorithm$.tw.
25. (composite and blood).tw.
26. or/20-25
27. 19 and 26
28. Hyaluronic Acid/
29. ((hyaluronic adj acid) or (hyalauronate or hyaluronan)).tw.
30. 28 or 29
31. (procollagen or piiinp or p3np or ppcp).tw.
32. ((tissue and inhibitor and metalloproteinase$) or timps).tw.
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33. 30 and 31 and 32
34. 30 or 31 or 32
35. 34 and 19
36. Alpha-Macroglobulins/
37. ((alpha and macroglobulin$) or (alpha adj 2m)).tw.
38. 36 or 37
39. ((apolipoprotein$adj a1) or apoa1).tw.
40. Haptoglobins/
41. haptoglobin$.tw.
42. 40 or 41
43. (bilirubin$or hematoidin$).tw.
44. (gamma adj glutamyl adj transpeptidase$).tw.
45. (gamma adj glutamyltransferase$).tw.
46. ((gamma adj gt) or ggt or ggtp).tw.
47. 44 or 45 or 46
48. 38 and 39 and 42 and 43 and 47
49. 38 or 39 or 42 or 43 or 47
50. 49 and 19
51. (alanine adj (aminotransferase$or aminotransaminase$)).tw.
52. (serum adj glutamic adj pyruvic adj transaminase$).tw.
53. sgpt.tw.
54. 51 or 52 or 53
55. (aspartate adj (aminotransferase$or aminotransaminase$)).tw.
56. (serum adj glutamic adj oxaloacetic adj transaminase$).tw.
57. sgot.tw.
58. 55 or 56 or 57
59. 38 and 39 and 42 and 43 and 47 and 54 and 58
60. 38 or 39 or 42 or 43 or 47 or 54 or 58
61. 60 and 19
62. exp “Sensitivity and Specificity”/
63. sensitivity.tw.
64. specificity.tw.
65. ((pre-test or pretest) adj probability).tw.
66. post-test probability.tw.
67. predictive value$.tw.
68. likelihood ratio$.tw.
69. or/62-68
70. 27 and 69
71. 35 and 69
72. 50 and 69
73. 61 and 69
74. 70 or 71 or 72 or 73
75. iqur.tw.
76. biopredictive.tw.
77. echosens.tw.
78. 75 or 76 or 77
79. 8 or 16 or 33 or 48 or 59 or 74 or 78
80. exp “Costs and Cost Analysis”/
81. Economics/
82. exp Economics, Hospital/
83. exp Economics, Medical/
84. Economics, Nursing/
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85. exp models, economic/
86. Economics, Pharmaceutical/
87. exp “Fees and Charges”/
88. exp Budgets/
89. budget$.tw.
90. ec.fs.
91. cost$.ti.
92. (cost$adj2 (effective$or utilit$or benefit$or minimi$)).ab.
93. (economic$or pharmacoeconomic$or pharmaco-economic$).ti.
94. (price$or pricing$).tw.
95. (financial or finance or finances or financed).tw.
96. (fee or fees).tw.
97. (value adj2 (money or monetary)).tw.
98. quality-adjusted life years/
99. (qaly or qalys).af.

100. (quality adjusted life year or quality adjusted life years).af.
101. or/80-100
102. 79 and 101

Adverse events searches

Venepuncture and transient elastography
A search strategy was developed to search for the adverse effects of venepuncture and transient 
elastography. This strategy included both subject headings with adverse effect subheadings for 
blood tests and imaging techniques (1–5) and free-text terms for adverse effects (7–13) combined 
with the statements for the diagnostic test interventions (15–25). The search was limited to the 
adult population (27–28).

1. exp Hematologic Tests/ae [Adverse Effects]
2. exp Serologic Test/ae [Adverse Effects]
3. Blood Specimen Collection/ae [Adverse Effects]
4. Phlebotomy/ae [Adverse Effects]
5. Elasticity Imaging Techniques/ae [Adverse Effects]
6. or/1-5
7. (adverse adj (event$or effect$or outcome$)).ab,ti.
8. risk$.ab,ti.
9. (safe or safety).ab,ti.

10. harm$.ab,ti.
11. complication$.ab,ti.
12. (treatment adj emergent).ab,ti.
13. tolerability.ab,ti.
14. 7 or 8 or 9 or 10 or 11 or 12 or 13
15. (FibroTest or fibrosure or fibromax or ashtest or FibroScan).tw.
16. (transient adj elastograph$).tw.
17. (elastograph$and liver).tw.
18. (enhanced adj liver adj fibrosis).tw.
19. (elf adj test$).tw.
20. (elf and diagnos$).tw.
21. (elf and (fibros*s or cirrhos*s)).tw.
22. elf.tw.
23. exp liver cirrhosis/or exp liver diseases, alcoholic/
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24. 22 and 23
25. 15 or 16 or 17 or 18 or 19 or 20 or 21 or 24
26. 14 and 25
27. adult/or aged/or middle aged/or young adult/
28. adult$.tw.
29. 27 or 28
30. 6 or 26
31. 29 and 30

Liver biopsy
The search strategy which was developed to identify studies of the adverse effects of liver biopsy 
includes subject headings with adverse effect subheadings for biopsy (1–2) combined with the 
liver fibrosis terms (4–5). Free-text terms for adverse effects (8–14) were combined with the 
statement liver biopsy (16). The search was limited to the adult population (27–28).

1. Biopsy/ae [Adverse Effects]
2. exp Biopsy, Needle/ae [Adverse Effects]
3. 1 or 2
4. exp liver cirrhosis/or exp liver diseases, alcoholic/
5. (cirrhos*s or fibros*s).tw.
6. 4 or 5
7. 3 and 6
8. (adverse adj (event$or effect$or outcome$)).ab,ti.
9. risk$.ab,ti.

10. (safe or safety).ab,ti.
11. harm$.ab,ti.
12. complication$.ab,ti.
13. (treatment adj emergent).ab,ti.
14. tolerability.ab,ti.
15. 8 or 9 or 10 or 11 or 12 or 13 or 14
16. (liver and biops$).tw.
17. 15 and 16
18. 6 and 17
19. 7 or 18
20. letter.pt.
21. editorial.pt.
22. comment.pt.
23. 20 or 21 or 22
24. 19 not 23
25. adult/or aged/or middle aged/or young adult/
26. adult$.tw.
27. 25 or 26
28. 24 and 27

Quality of life searches

To search for evidence relating to the impact of the diagnostic tests on the well-being of 
patients with ALD, a quality-of-life search filter (80–115) was combined with the diagnostic test 
effectiveness searches (1–79). The quality-of-life filter consists of database subject headings and 
free-text terms associated with the quality of life, including generic, instrument specific, and 
methodological terms. In addition, searches were also carried out on the health-related quality of 
life of patients with the medical condition only (116–121).
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1. (enhanced adj liver adj fibrosis).tw.
2. (elf adj test$).tw.
3. (elf and diagnos$).tw.
4. (elf and (fibros*s or cirrhos*s)).tw.
5. elf.tw.
6. exp liver cirrhosis/or exp liver diseases, alcoholic/
7. 5 and 6
8. 1 or 2 or 3 or 4 or 7
9. FibroTest.tw.

10. fibrosure.tw.
11. fibromax.tw.
12. FibroScan.tw.
13. ashtest.tw.
14. (transient adj elastograph$).tw.
15. (elastograph$and liver).tw.
16. or/9-15
17. exp liver cirrhosis/or exp liver diseases, alcoholic/
18. (fibros*s or cirrhos*s).tw.
19. 17 or 18
20. Biological Markers/
21. (biomarker$or bio-marker$).tw.
22. (marker$and (biologic$or biochemical or serum or direct or indirect)).tw.
23. Algorithms/
24. algorithm$.tw.
25. (composite and blood).tw.
26. or/20-25
27. 19 and 26
28. Hyaluronic Acid/
29. ((hyaluronic adj acid) or (hyalauronate or hyaluronan)).tw.
30. 28 or 29
31. (procollagen or piiinp or p3np or ppcp).tw.
32. ((tissue and inhibitor and metalloproteinase$) or timps).tw.
33. 30 and 31 and 32
34. 30 or 31 or 32
35. 34 and 19
36. Alpha-Macroglobulins/
37. ((alpha and macroglobulin$) or (alpha adj 2m)).tw.
38. 36 or 37
39. ((apolipoprotein$adj a1) or apoa1).tw.
40. Haptoglobins/
41. haptoglobin$.tw.
42. 40 or 41
43. (bilirubin$or hematoidin$).tw.
44. (gamma adj glutamyl adj transpeptidase$).tw.
45. (gamma adj glutamyltransferase$).tw.
46. ((gamma adj gt) or ggt or ggtp).tw.
47. 44 or 45 or 46
48. 38 and 39 and 42 and 43 and 47
49. 38 or 39 or 42 or 43 or 47
50. 49 and 19
51. (alanine adj (aminotransferase$or aminotransaminase$)).tw.
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52. (serum adj glutamic adj pyruvic adj transaminase$).tw.
53. sgpt.tw.
54. 51 or 52 or 53
55. (aspartate adj (aminotransferase$or aminotransaminase$)).tw.
56. (serum adj glutamic adj oxaloacetic adj transaminase$).tw.
57. sgot.tw.
58. 55 or 56 or 57
59. 38 and 39 and 42 and 43 and 47 and 54 and 58
60. 38 or 39 or 42 or 43 or 47 or 54 or 58
61. 60 and 19
62. exp “Sensitivity and Specificity”/
63. sensitivity.tw.
64. specificity.tw.
65. ((pre-test or pretest) adj probability).tw.
66. post-test probability.tw.
67. predictive value$.tw.
68. likelihood ratio$.tw.
69. or/62-68
70. 27 and 69
71. 35 and 69
72. 50 and 69
73. 61 and 69
74. 70 or 71 or 72 or 73
75. iqur.tw.
76. biopredictive.tw.
77. echosens.tw.
78. 75 or 76 or 77
79. 8 or 16 or 33 or 48 or 59 or 74 or 78
80. “Quality of Life”/
81. (qol or (quality adj2 life)).ab,ti.
82. (value adj2 (money or monetary)).tw.
83. value of life/
84. quality adjusted life year/
85. quality adjusted life.tw.
86. (qaly$or qald$or qale$or qtime$).tw.
87. disability adjusted life.tw.
88. daly$.tw.
89. health status indicators/
90. (sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shorform 

thirtysix or shortform thirty six or short form thirtysix or short form thirty six).tw.
91. (sf 6 or sf6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form 

six).tw.
92. (sf12 or sf 12 or short form 12 or shortform 12 or sf twelve or sftwelve or shortform twelve or 

short form twelve).tw.
93. (sf16 or sf 16 or short form 16 or shortform 16 or sf sixteen or sfsixteen or shortfrom sixteen 

or short form sixteen).tw.
94. (sf20 or sf 20 or short form 20 or shortform 20 or sf twenty or sftwenty or shortform twenty 

or short form twenty).tw.
95. (euroqol or euro qol or eq5d or eq 5d).tw.
96. (hql or hqol or h qol or hrqol or hr qol).tw.
97. (hye or hyes).tw.
98. health$year$equivalent$.tw.
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99. health utilit$.tw.
100. (hui or hui1 or hui2 or hui3).tw.
101. disutilit$.tw.
102. rosser.tw.
103. (quality adj2 wellbeing).tw.
104. qwb.tw.
105. (willingness adj2 pay).tw.
106. standard gamble$.tw.
107. time trade off.tw.
108. time tradeoff.tw.
109. tto.tw.
110. letter.pt.
111. editorial.pt.
112. comment.pt.
113. 110 or 111 or 112
114. or/80-109
115. 114 not 113
116. exp liver cirrhosis/or exp liver diseases, alcoholic/
117. (fibros*s or cirrhos*s).tw.
118. 116 or 117
119. 115 and 118
120. (pulmonary or cystic).tw.
121. 119 not 120
122. 79 and 115
123. 122 or 121
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Appendix 6  

QUADAS: details of criteria for scoring 
studies

1. Was the spectrum of patients representative of the patients who will receive the test in practice?

Yes All patients had suspected ALD, and patients were recruited both prospectively and consecutively

No Some patients were known to have liver fibrosis or cirrhosis, or patients were studied retrospectively or non-consecutively

Unclear Insufficient details given about stage or recruitment methods to make a judgement about whether or not the patient spectrum would 
be scored ‘yes’

2. Is the reference standard likely to correctly classify the target condition?

Yes The reference standard was liver biopsy, HVPG measurement or endoscopy for oesophageal varices. The study excluded patients 
with liver biopsies < 10 mm in length195

No Some or all patients received a different reference standard. The study included patients with liver biopsies < 10 mm in length195

Unclear Reference standard is not stated; for liver biopsy, no data given on length of specimen or portal tracts113

3. Is the time period between reference standard and index test short enough to be reasonably sure that the target condition did not 
change between the performance of the two tests?

Yes Reference standard was performed within 2 weeks of the index test

No Reference standard was performed more than 2 weeks before or after the index test

Unclear The time between reference standard and index test is not stated

4. Did the whole sample, or a random selection of the sample, receive verification using a reference standard?

Yes All patients, or a random selection of patients, who received the index test went on to receive verification of their disease status 
using a reference standard

No Some patients who received the index test did not receive verification of their true disease state and the selection of patients to 
receive the reference standard was not random

Unclear This information is not reported

5. Did patients receive the same reference standard regardless of the index test result?

Yes Selection of reference standard was not determined by the index text result

No Selection of reference standard was determined by the index test result

Unclear It is not clear whether or not selection of reference standard was determined by the index test result

6. Were the reference standard results interpreted without knowledge of the results of the index test?

7. Were the index test results interpreted without knowledge of the results of the reference standard?

Yes The index test was interpreted without knowledge of the results of the reference standard or vice versa. If the test was clearly 
interpreted before the results of the other test were available then this was scored as ‘yes’

No The person interpreting the index test was aware of the results of the reference standard or vice versa

Unclear No information is provided regarding whether or not tests were interpreted blindly

8. Were uninterpretable/intermediate test results reported and included in the analysis?

Yes There were uninterpretable/intermediate results and they were included in the analysis, or patients were recruited prospectively and 
consecutively and no uninterpretable/intermediate results were reported

No There were uninterpretable/intermediate results and they were excluded from the analysis

Unclear It is not clear whether or not there were any uninterpretable/intermediate test results (this includes studies which were not 
prospective or not consecutive which did not report these data)



132 Appendix 6

9. Were withdrawals from the study explained?

Yes All patients recruited to the study were accounted for

No There appear to be patients who were recruited into the study who are not accounted for

Unclear It is not clear whether or not any withdrawals occurred

10. Were the selection criteria clearly described?

Yes All relevant information about how patients were selected for inclusion in the study was provided

No Study selection criteria were not clearly reported

Unclear Insufficient details given about stage or recruitment methods to make a judgement about whether or not the selection criteria would 
be scored ‘yes’

11. Was the execution of the reference standard described in sufficient detail to permit replication of the test?

Yes Sufficient details of the text execution are reported

No Sufficient details are not reported

Unclear Staging system given, but no inclusion criteria regarding the length of the liver biopsy or the number of portal tracts113

12. Was the execution of the index test described in sufficient detail to permit replication of the test?

Yes Sufficient details of the text execution are reported

No Sufficient details are not reported

Unclear Not applicable

13. Did the study appear independent of the test manufacturer?

Yes Study authors state that they have no personal interests in the company

No One or more of study authors known to have an interest in the company

Unclear No information provided
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Appendix 7  

Excluded studies

Table of studies identified by the electronic searches and other searches, and excluded at the 
full paper stage for reasons not immediately apparent from the full text.

Study Reason for exclusion

Calès 2002196 Superseded by Calès 2005197

Calès 2005197 Clarification from the author that the validating population, in which FibroTest was used, was wholly composed of 
patients with hepatitis C (Dr Paul Calès, Université d’Angers, France, 2010, personal communication)

Clevert 2009198 Not available within study timescale

De Ledinghen 2006199 Information provided identical to that in Foucher 2006a200

Foucher 2006a200 Biopsy used only in a subset of 60 of patients in the study. The selection criteria for biopsy were not clear as 149 
patients were said to have FibroScan results suggestive of cirrhosis

Foucher 2006b201 Clarification from the author that the population overlaps with that of Foucher 2006a200 (Dr Juliette Foucher, Hôpital 
Haut-Lévèque, Pessac, France, 2010, personal communication), which reports data relating to substantially more 
patients with ALD; it is not clear how many patients with ALD underwent biopsy, and the selection criteria for biopsy 
were not clear, being described only as the ‘usual indications for liver biopsy’, and not in terms of the results of the 
FibroScan test

Jimenez-Ridruejo 2008202 Not available within study timescale

Laharie 2006203 Information provided identical to that in Foucher 2006a200

Lee 2009204 Not available within study timescale

Lieber 200862 Although this study relates to the serum markers used in the ELF test, the tests do not appear to have been 
performed on an Immuno 1 machine, and therefore performance would be suboptimal (Professor William Rosenberg, 
University College London, 2010, personal communication)

Marin-Gabriel 2008205 Not available within study timescale

Melin 2005206 Superseded by Melin 2005122

Morozov 2008207 In Russian; no English abstract available

Mueller 2008120 Superseded by Mueller 2010118

Mueller 2009208 Superseded by Mueller 2010118

Nahon 2007131 Superseded by Nahon 2008128

Naveau 2003209 Appears to be superseded by Naveau 2005123 (confirmation could not be obtained from the author)

Naveau 2008210 Superseded by Naveau 2009124

Nguyen-Khac 2007211 Superseded by Nguyen-Khac 2008132

Parkes 2007212 Superseded by Parkes 201057

Rosenberg 2001213 Not available within study timescale

Thabut 2003214 Data relating specifically to patients with ALD neither published nor available from study authors (Dr Thierry Poynard, 
Hôpital Pitié-Salpêtrière, Paris, 2010, personal communication)
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Appendix 8  

Diagnostic venepuncture: systematic review 
of adverse events

A systematic review was carried out in order to identify studies reporting adverse events in 
adults undergoing simple venepuncture for diagnostic or screening purposes. Literature 

searches were performed in February 2010. Details of the electronic databases that were searched, 
the search strategies used and the inclusion and exclusion criteria may be found in Appendix 9.

Studies that related to blood donors were excluded because:

 ■ The withdrawal of larger volumes of blood makes it difficult to differentiate between 
vasovagal reactions and transient relative hypotension due to blood loss.215

 ■ The use of needles with a larger bore than the 20–22 gauge generally used in blood sampling 
may increase the risk of injury,216 as may the fact that the needles are in place for a longer 
period of time.217

Studies that used more invasive methods of blood collection (cannulation or catheterisation), or 
which collected arterial or capillary rather than venous blood samples, were also excluded.

The searches were not restricted by study type, language or date. The same three-stage sifting 
process was used as in the systematic review of clinical effectiveness. Data were extracted directly 
to the tables included in the report. Because many of the relevant studies took the form of case 
reports, a formal quality assessment was not undertaken. However, larger studies (observational 
or before-and-after studies) were deemed to be of higher quality than case series or case reports, 
and the latter were included only if they related to adverse events for which data were not 
available from the larger studies.

The electronic literature searches identified 979 potentially relevant articles. Of these, 11 met the 
review’s inclusion criteria (for PRISMA diagram, see Appendix 9). These articles were:

 ■ two observational studies, by Galena215 and Deacon and Abramowitz218

 ■ an uncontrolled before-and-after study by Godwin et al.219

 ■ eight case reports by Choffel et al.,220 Nouri et al.,221 Pradhan and Gupta,222 Saeed and 
Gatens,223 Sander et al.,224 Stitik et al.,217 Vidal et al.225 and Zubairy.226

A possibly relevant article by Rodriguez Guerrero et al.227 was excluded because it was published 
in Spanish.

Five additional relevant articles, by Berry and Wallis,228 Burgdorf et al.,229 Horowitz,216 Norcross 
and Shackford230 and Yuan and Cohen,231 were identified from citations.

The adverse events identified by the included studies fall into three major categories:

 ■ vasovagal reactions
 ■ pain and bruising
 ■ nerve injuries.
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These are discussed in turn below, as are the few studies relating to miscellaneous adverse events 
which do not fit into those categories.

Vasovagal reactions

Vasovagal reactions result from an abnormal reflex stimulation of the vagus nerve. The trigger 
factors may be emotional or somatic.232 In most patients, the signs and symptoms (which may 
include pallor, sweating, nausea, dizziness or light-headedness) are light or moderate, and resolve 
spontaneously. However, some patients experience bradycardia with consequent hypotension, 
loss of consciousness, and, in very severe cases, death.232 In the context of vasovagal reactions 
associated with venepuncture, it seems likely that the greatest risk is that, when blood is taken 
with the patient sitting or lying, resumption of the upright position results in a faint, as the 
subsequent fall may result in injury.

Because data relating to vasovagal reactions were available from two large observational 
studies, lower-quality studies (case reports and small case series) relating to such adverse events 
were excluded.

The larger observational study, that by Galena,215 recorded adverse effects associated with 
venepuncture carried out in outpatient settings between October 1988 and April 1991 on 4050 
patients who were applying for life insurance. A 20- or 22-gauge needle was used to obtain a 
maximum of 30 ml blood from each patient. Delayed reactions were identified using telephone 
calls made an unspecified length of time after the venepuncture. Potentially serious vasovagal 
reactions were experienced by 3.4% of patients (Table 39); these were significantly more common 
in men than in women (4.0% vs 1.3%, p < 0,001). None of those who experienced convulsive 
syncope had a previous history of seizure disorder.

Deacon and Abramowitz218 found lower rates of vasovagal reactions in 3315 adults undergoing 
venepuncture in three hospital outpatient phlebotomy clinics over a 3-week period, even though 
80% of their population had fasted prior to venepuncture (Table 40). Although the rate of 
vasovagal reactions indicated by the phlebotomists was higher, at 0.9%, than that reported by the 
patients, it was still substantially lower than the rate of 3.4% reported by Galena.215

Pain and bruising

Data relating to pain and bruising were available from one large observational study215 and one 
uncontrolled before-and-after study.219 Lower-quality studies (case reports and small case series) 
relating to such adverse events were therefore excluded.

TABLE 39 Vasovagal reactions in patients undergoing venepuncture in outpatient settings215

Complication Number (%, 95% CI)

Diaphoresis, near syncope 105/4050 (2.6, 2.1 to 3.1)

Syncope 24/4050 (0.6, 0.4 to 0.8)

Convulsive syncope 6/4050 (0.10, 0.03 to 0.30)

Ventricular tachycardia 1/4050 (0.02, 0.00 to 0.10)

Total 136/4050 (3.4, 2.8 to 3.9)

Data in roman were taken directly from the text; data in italics were calculated by the reviewer.
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In Galena’s large observational study,215 14.2% of patients reported adverse events related to pain 
and bruising (Table 41). Such adverse effects were significantly more common in women than 
in men (38.1% vs 7.9%, p< 0,001), a result that Galena suggested was probably related to their 
narrower veins. No cases of local cellulitis or phlebitis were reported.

Godwin et al.219 reported higher overall rates of bruising in a small before-and-after study 
that audited bruising in two groups of 100 consecutive medical and surgical inpatients aged 
≥ 15 years who were not receiving anticoagulants and did not have extensive pre-existing 
bruises. Venepuncture was performed by phlebotomists using a pre-evacuated tube collection 
system to take blood from the antecubital fossa. A clean cotton wool ball was then taped to the 
venepuncture site. The phlebotomist instructed patients in the first group to apply pressure for 
a few minutes after the venepuncture, but remained with patients in the second group until the 
bleeding had stopped. The venepuncture site was then assessed 24 hours later. Bruising was less 
common in the second group (45% vs 25%, p < 0.01) and such bruises as occurred were also 
smaller in this group. The difference between the groups was more marked in older patients 
(Table 42) and the investigators suggested that this was perhaps because they were less able than 
younger patients to apply pressure to the venepuncture site;219 however, it is perhaps more likely 
to reflect the more fragile nature of the skin in the elderly.

Nerve injury

The potentially most serious adverse events associated with venepuncture relate to nerve injury. 
Such adverse events can have disabling consequences. The only identified publications that report 
venepuncture-associated nerve injuries sufficiently severe to be brought to medical attention take 
the form of case reports and one small case series.216

The case series presented data relating to 11 patients who were referred to a specialist with a 
particular interest in nerve injuries because of causalgia following routine venepuncture.216 
However, only four of these patients had undergone venepuncture for blood sampling; in 
the remainder, the venepuncture was for blood donation, insertion of intravenous lines or 
intravenous medication. A later paper by Horowitz,233 which combined data relating to these 11 
patients with data from 13 patients who had subsequently been evaluated, could not be utilised 
because it presented aggregated data from patients who had undergone venepuncture for blood 
sampling and patients who had undergone venepuncture for other reasons.

Data relating to the cases identified in the case reports, together with the four relevant patients 
from Horowitz’s233 case series, are summarised in Table 43. These data demonstrate that nerve 
damage consequent on venepuncture can cause long-lasting pain, and loss of muscle power 

TABLE 40 Vasovagal reactions in patients undergoing venepuncture in hospital phlebotomy clinics218

Complication Number (%, 95% CI)

Patient reported feeling very or extremely faint 13/3315 (0.4, 0.2 to 0.6)

Patient reported losing consciousness 7/3315 (0.2, 0.1 to 0.4)

Phlebotomist reported using strategies to manage fainting symptomsa 
with patient

30/3315 (0.9, 0.6 to 1.2)

a For example, reclining the patient’s chair, asking the patients to place their heads between their legs or using a cold towel.
Data in roman were taken directly from the text; data in italics were calculated by the reviewer.
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and manual dexterity; it may also lead to clinical depression. Relatively few details of the 
venepuncture are reported, but in 4 of the 12 cases it was specifically said to have been difficult. 
The gauge of needle was specified in only two cases; in both cases, it was a 20-gauge needle.

The case studies summarised above do not provide any indication of the incidence of nerve 
injuries related to venepuncture, other than that they were rare. Some indication of the incidence 
can be obtained by considering only two studies from blood transfusion centres. In a New 
Zealand blood transfusion unit performing approximately 80,000 venepunctures a year, Berry 
and Wallis228 found that, over a 2-year period, six people suffered injuries to the median nerve or 
medial and lateral cutaneous nerves that were severe enough for them to seek medical attention 
– an overall rate of approximately 1 in 25,000 (0.004%). Of those six, only one (summarised 
in Table 43) was undergoing venepuncture for diagnostic purposes, using a 20-gauge needle; 
the remaining five were undergoing venepuncture for blood donation, using a larger 16-gauge 
needle. As this study gave no indication of the number or proportion of venepunctures 
undertaken for purposes of diagnosis rather than blood donation, it is not possible to calculate a 
rate of nerve injury specific to diagnostic venepuncture; however, it seems likely that it would be 
lower than the overall rate.

Newman and Waxman234 reported a higher nerve injury rate from a blood donation centre in 
the USA where nurses routinely reported all donor injuries. Over a 2-year period, 419,000 blood 
donations were collected using a 16-gauge needle and 66 cases of neurological nerve injury 
were identified from nursing records – a rate of 1 in 6300 (0.016%). This figure is not directly 
comparable with the New Zealand figure228 because it includes cases that were not brought 
to medical attention, but the data for donors who requested a physician consultation (17 of 
the 56 individuals with nerve injury for whom follow-up data were available) also indicate a 
rate of approximately 1 in 25,000 (0.004%) (Table 44). This is a conservative estimate as 9 of 
the 66 donors with nerve injury could not be contacted for telephone follow-up, and one was 
deliberately not contacted because of pending litigation.234

TABLE 41 Pain and bruising in patients undergoing venepuncture in outpatient settings215

Complication Number (%, 95% CI)

Bruising 416/4050 (10.3, 9.3 to 11.2)

Haematoma 80/4050 (2.0, 1.6 to 2.4)

Pain 80/4050 (2.0, 1.6 to 2.4)

Total 576/4050 (14.2, 13.1 to 15.3)

Data in roman were taken directly from the text; data in italics were calculated by the reviewer.

TABLE 42 Bruising after venepuncture by haemostasis technique and patient age219 

Patient age (years)

Number of patients with bruising (%, 95% CI)

Patient pressure Phlebotomist pressure

< 60 11/37 (30, 15 to 44) 7/42 (17, 5 to 28)

> 60 34/63 (54, 42 to 66) 18/58 (31, 19 to 43)

Total 45/100 (45, 35 to 55) 25/100 (25, 17 to 33)

Data in roman were taken directly from the text; data in italics were calculated by the reviewer.
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Miscellaneous adverse events

Three case reports highlight the ability of venepuncture to provoke localised manifestations of 
underlying medical conditions. Burgdorf et al.229 reported multiple sarcoid granulomas that 
developed following numerous venepunctures for diagnostic purposes in a 38-year-old woman 
who was subsequently diagnosed with sarcoidosis. Similarly, Choffel et al.220 reported the 
formation of a sarcoid granuloma at the puncture site following venepuncture in a 56-year-old 
woman with sarcoidosis. Finally, Vidal et al.225 reported that a tuberculous ulcerated nodule 
developed on the left wrist of an 88-year-old man with a history of pulmonary tuberculosis 
2 years after venepuncture at that site; they considered the venepuncture to be the most likely 
cause of the reactivation of tuberculous infection.

Finally, a 27-year-old woman was aware of a ‘buzzing’ in the region of her left antecubital fossa 
following venepuncture performed by a gynaecologist rather than a medical technician. This 
buzzing became more pronounced over a 2-year period, and was eventually identified during a 
routine medical examination as an arteriovenous fistula which required surgical repair.230

Summary

There is evidence that venepuncture may be associated with adverse effects. Vasovagal reactions 
were studied in two large observational studies, by Galena215 and Deacon and Abramowitz,218 
which together included 7365 individuals. Data relating to pain and bruising were available from 
a total of 4250 patients included in Galena’s215 large observational study and the small before-
and-after study by Godwin et al.219 Unfortunately, data relating to direct nerve injuries in patients 
undergoing venepuncture specifically for diagnostic or screening purposes were available from 
only case series or case reports.

The most commonly reported adverse events were those related to pain and bruising, which 
affected between 14% and 45% of patients. Vasovagal reactions were rarer, affecting between 
0.9% and 3.4%. There were no data regarding the incidence of nerve injuries associated with 
diagnostic venepuncture, but it seems likely that it would be lower than the 0.004% reported 
in blood donors. However, although such nerve injuries appear to be very rare, they are 
potentially disabling.

TABLE 44 Number of blood donors with nerve injury following venepuncture234

Recovery period

Number of donors with nerve injury 
and follow-up data (n = 56)  
(% of total, 95% CI)

Number requesting physician 
consultation(s)  
(% of category, 95% CI)

Number with residual  
neurological defecta  
(% of category, 95% CI)

< 3 days 22 (39, 27% to 52%) 0 (0) 0 (0)

3–29 days 17 (30, 18% to 42%) 5 (29, 8% to 51%) 0 (0)

1–3 months 13 (4, 0% to 8%) 8 (62, 35% to 88%) 2 (15, 0% to 35%)

3–6 months 2 (23, 12% to 34%) 2 (100) 1 (50, 0% to 100%)

> 6 months 2 (23, 12% to 34%) 2 (100) 1 (50, 0% to 100%)

a Mild localised numbness which did not interfere with function.
Data in roman were taken directly from the text; data in italics were calculated by the reviewer.
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Appendix 9  

Systematic review of the adverse effects of 
venepuncture: search strategies

Sources searched

The electronic bibliographic databases which were searched are listed in Appendix 5.

Search strategies

The MEDLINE search strategy may be found in Appendix 5.

Inclusion criteria
Population

 ■ Adults.

Intervention
 ■ Simple venepuncture for diagnostic or screening purposes.

Outcomes
 ■ Adverse events probably or possibly caused by the process of testing.

Setting
 ■ Any country.

Study type
 ■ RCTs.
 ■ Controlled non-randomised studies (egg cohort studies).
 ■ Case–control studies.
 ■ Case series.
 ■ Case reports.
 ■ Systematic reviews.
 ■ Economic evaluations.

Exclusion criteria
Population

 ■ Studies relating specifically to people receiving anticoagulation therapy, as their 
propensity to bruise would be significantly greater than that of patients not receiving 
anticoagulation therapy.
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Intervention
Studies in which:

 ■ venepuncture was used either specifically to obtain blood donations, or to obtain both blood 
donations and smaller samples for diagnostic or screening purposes, but did not present 
separate data relating to the two uses

 ■ cannulation or catheterisation was used to obtain blood samples
 ■ the study related to the collection of arterial or capillary rather than venous blood samples.

Study type
 ■ Animal models.
 ■ Narrative reviews, editorials, opinions.

FIGURE 29 Adverse effects of venepuncture: summary of study selection and exclusion.

Articles identified through database searching, 
duplicates removed, screened by title/abstract

 (n = 979)

Articles excluded 
 (n = 930)

Full-text articles assessed for eligibility
(n = 54)

Full-text articles excluded
(n = 38)

Additional relevant articles 
identified through other sources

 (n = 5)

Articles included in narrative synthesis
(n = 16, relating to 16 studies)

Articles included in quantitative 
synthesis (meta-analysis)

(n = 0)
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Appendix 10  

The results from the cost-effectiveness 
analyses

Table 45 provides the costs and QALYs from each strategy assuming that there is no benefit 
associated with biopsy, nor any change in abstinence rates associated with diagnostic test. 

Table 46 provides the proportion of patients undergoing biopsy categorised by scenario number 
and diagnostic test.

Table 47 provides the threshold level for percentage point decrease in abstinence rates that would 
make biopsy all the more cost-effective strategy compared with each NILT; Table 48 provides the 
same detail, but the threshold value is the QALY gain associated with a biopsy
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HTA Reference No. 09/62/01 

 

Final amended version, 19 January 2010 

 

1. Title of the project 

 

Non-invasive diagnostic assessment tools for the detection of liver fibrosis in patients with 

suspected alcohol-related liver disease 

 

2. Name of Assessment Team and project lead 

 

Assessment Team 

ScHARR Technology Assessment Group, University of Sheffield. 

 

Project Lead  

Matt Stevenson, Senior Research Fellow, ScHARR, University of Sheffield, Regent Court, 30 

Regent Street, Sheffield S1 4DA 

Tel: 0114 222 0691, Fax: 0114 272 4095, E-mail: m.d.stevenson@sheffield.ac.uk  

 

Address for correspondence 
Major documentation should be sent to the project lead (m.d.stevenson@sheffield.ac.uk), the 

project administrator (Andrea Shippam, a.shippam@sheffield.ac.uk) and the managing director 

of ScHARR-TAG (Eva Kaltenthaler, e.kaltenthaler@sheffield.ac.uk).  
 

3. Plain English Summary 

Excess alcohol consumption is associated with alcoholic liver disease (ALD): alcoholic fatty 

liver (steatosis), alcoholic hepatitis, or alcoholic cirrhosis.1 Steatosis, which usually 

asymptomatic, is reversible if alcohol consumption is stopped or significantly reduced.1 

Alcoholic hepatitis involves more severe liver damage.2 Some patients are asymptomatic, but 

many suffer abdominal symptoms, and others present with acute alcoholic hepatitis 

characterised by jaundice, fever, liver failure, or bleeding.1 In alcoholic cirrhosis, scar tissue 

(fibrosis) prevents the liver from working properly;1 despite this, some people with early-stage 

alcoholic cirrhosis have no symptoms.2 People with alcoholic cirrhosis are at increased risk of 

liver cancer.1 

 

People who drink more than 10 units of alcohol daily will eventually develop steatosis; 10%-

35% will develop alcoholic hepatitis, and approximately 10% will develop cirrhosis.3 Some 

develop both cirrhosis and alcoholic hepatitis;4 over 60% of these patients die within four years 

of diagnosis.2 Abstinence from alcohol greatly improves survival in people with ALD.1 
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Patients with ALD come to medical attention in a number of ways. Many are identified following 

routine liver function tests, others when they report relatively mild abdominal symptoms. Some 

present with more severe symptoms caused by advanced liver disease.3 Yet others present 

voluntarily for detoxification, require treatment for alcohol-related injuries, or present with 

alcoholic damage to other organs.3 Liver biopsy may be used to confirm the diagnosis of ALD 

and provide information about the degree of fibrosis.3,5 As an invasive procedure, it carries a 

risk of morbidity and mortality, particularly in patients with alcoholic hepatitis and cirrhosis.3 

Moreover, there is no high-quality evidence for its accuracy,5 and therefore current draft 

guidance recommends that it is used only when confirmation of a diagnosis of acute alcoholic 

hepatitis is needed to inform specific treatment decisions.5 

 

The key element of treatment for patients with ALD is long-term abstinence from alcohol. Other 

elements aim to prevent disease progression and manage complications. These include 

lifestyle changes (reducing smoking and obesity), nutritional therapy,2 and therapies to treat 

specific complications of ALD.3 Liver transplantation may be offered in extreme cases.3 

 

At least 7,000 new cases of cirrhosis are diagnosed in the UK each year,6 and in 2007 4,580 

people in England and Wales died from ALD.7 Around 80% of all cases of liver cirrhosis seen in 

district general hospitals in the UK are due to alcohol,3 and many people in England and Wales 

consume alcohol at levels which put them at risk of ALD. In 2007, 24.2% of adults in England 

reported hazardous or harmful patterns of alcohol consumption.8 Directly comparable figures 

are not available for Wales.9  

 

The aim of this review is to systematically evaluate and appraise the potential clinical and cost 

effectiveness of using non-invasive liver assessment tools in patients who might otherwise be 

candidates for biopsy or referral to specialist care. 

 

4. Decision problem 

4.1 Purpose of the decision to be made 

The aim of the assessment is to answer the following research question: Will using non-

invasive liver assessment tools in patients with suspected alcohol-related liver fibrosis who 

might otherwise be candidates for biopsy or referral to specialist care reduce the number of 

referrals or biopsies and improve the health outcomes and quality of life of those patients? 

 

4.2 Clear definition of the intervention 

Four interventions are considered in this assessment: three are composite blood tests, and the 

fourth is a specialised scan.  

The Enhanced Liver Fibrosis (ELF) test (iQur Ltd) is a blood test which uses an algorithm 

combining three biomarkers (hyaluronic acid, procollagen III amino terminal peptide and tissue 

inhibitor of metalloproteinase) to assess the stage and rate of progression of liver fibrosis. The 



156 Appendix 11 

 

biomarkers are direct markers of extracellular matrix metabolism/degradation indicative of liver 

fibrosis. A higher concentration of the individual biomarkers leads to a higher ELF score, and 

therefore it is more likely there is more severe fibrosis. It is proposed that the ELF test can be 

used for the baseline determination of liver fibrosis.  The ELF test is CE marked. 

 

FibroTest and FibroMax (BioPredictive) are both proprietary algorithms of markers based on 

blood tests to assess the stage of liver fibrosis. FibroTest uses alpha-2 macroglobulin, a direct 

marker of extracellular matrix metabolism/degradation, and four indirect markers 

(apolipoprotein A1, haptoglobin, bilirubin, and gamma-glutamyl-transpeptidase). FibroMax adds 

to FibroTest additional markers for steatosis and alcohol related disease: these additional 

markers include ALT, AST, glucose, height and weight. Neither FibroTest nor FibroMax are CE 

marked, but there are CE marked kits for assessing the appropriate components. 

 

FibroScan (EchoSens) is a device which uses transient elastography to assess liver stiffness, 

which is correlated with the degree of fibrosis. It consists of a specialised probe, an ultrasound 

and elastography system, and specialised software. The probe is placed on the skin over the 

liver, and generates a mechanical pulse which sends a shear wave through the liver. Liver 

stiffness is calculated from the velocity of the wave, which is measured by ultrasound. 

FibroScan is CE marked. 

 

4.3 Place of the intervention in the treatment pathway(s) 

The assessment will investigate the effect of using any of the four interventions in patients with 

suspected alcohol-related liver fibrosis who might otherwise be referred for biopsy or specialist 

care on the basis of their clinical history and physical examination and/or standard liver function 

tests. If data and resources allow, the effectiveness of tests in combination will also be 

assessed. 

 

4.4 Relevant comparators 

Referral to specialty care or biopsy based on clinical suspicion of liver fibrosis based on 

symptoms and/or liver function test results. 

 

4.5 Populations and relevant subgroups 

Patients with suspected liver fibrosis related to alcohol consumption. If time permits, 

consideration will be given to the subgroup of patients with suspected liver fibrosis who have 

hepatitis C in addition to high alcohol consumption. 

 

4.6 Key factors to be addressed 

The review will aim to: 

• Investigate by systematic review the diagnostic accuracy of each of the four interventions in 

patients with suspected alcohol-related liver fibrosis 
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• Investigate by systematic review the impact of the four interventions on health and quality 

of life outcomes in patients with suspected alcohol-related liver fibrosis 

• Estimate the potential benefits and harms arising from altered treatment based on the 

results of the four interventions 

• Estimate the incremental cost effectiveness of providing routine testing using one of the 

four interventions to all patients newly diagnosed with suspected alcohol-related liver 

fibrosis who might otherwise be referred for biopsy or specialist care on the basis of the 

clinical history and physical examination and/or standard liver function tests. 

 

5. Report methods for synthesis of evidence of clinical effectiveness 

Systematic reviews of the evidence for diagnostic accuracy and health and quality of life 

outcomes will be undertaken; these will be informed by the general principles recommended in 

the PRISMA (formerly QUOROM) statement.10 Evidence of diagnostic accuracy will be sought 

from studies which compare any of the four interventions with detected pathology or other 

diagnostic tools. Sensitivity (the proportion of true positives) and specificity (the proportion of 

true negatives) will be assessed.  

 

In addition to the formal systematic review, the manufacturers may provide unpublished and 

confidential data, which would be analysed to provide further information on test characteristics. 

 

The description of studies below covers studies that would provide direct comparative evidence 

for outcomes of interest.  The Assessment Team recognizes that such studies are unlikely to 

exist and that indirect evidence will be needed to fill in the data requirements of the model.   

These data will be sought as the model design becomes apparent using the appropriate 

criteria.  The same sources will apply. 

 

5.1 Population 

 

• Inclusion criteria: Patients with suspected liver fibrosis related to alcohol consumption. 

• Exclusion criteria: Liver dysfunction attributed to other possible aetiologies. However, if time 

and evidence permit, consideration will be given to patients with suspected liver fibrosis 

related to alcohol consumption who also have hepatitis C. 

 

5.2 Interventions 

• Enhanced Liver Fibrosis (ELF) blood test 

• FibroTest blood test 

• FibroMax blood test  

• FibroScan (transient elastography) 
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5.3 Comparators 

Referral to specialty care or biopsy based on clinical suspicion of liver fibrosis based on 

symptoms and/or liver function test results. 

 

5.4 Outcomes 

• Diagnostic test accuracy 

• Number of patients requiring referral to secondary care 

• Number of patients requiring liver biopsy 

• Number of patients giving up alcohol, or significantly reducing alcohol consumption 

• Long-term patient outcomes (disease progression, complications related to liver disease, 

need for liver transplantation, mortality) 

• Adverse effects of testing 

• Health-related quality of life 

 

5.5  Study design  

• Inclusion criteria: for the review of clinical effectiveness the best available level of evidence 

will be included, with priority given to controlled studies if available. However, this criterion 

will be relaxed for the consideration of adverse events, for which observational studies may 

be included even if controlled studies are available.  

• Exclusion criteria: studies will be excluded if they do not meet the inclusion criteria, appear 

to be methodologically unsound, or do not report results in the necessary detail. The 

following will also be excluded: 

o Animal models 

o Preclinical and biological studies 

o Narrative reviews, editorials and opinions 

o Reports published as meeting abstracts only, where insufficient methodological details 

are reported to allow critical appraisal of study quality. 

 

5.6 Search strategy 

The search strategy will comprise the following main elements: 

• Searching of electronic databases 

• Contact with experts in the field 

• Scrutiny of bibliographies of retrieved papers. 

 

The electronic databases to be searched will include MEDLINE; Medline in Process; EMBASE; 

the Cochrane Database of Systematic Reviews, and the Cochrane Controlled Trials Register. A 

draft Medline search strategy is included in Appendix 1. 

 

All citations will be imported into Reference Manager software and screened for inclusion on 

the basis of the inclusion/exclusion criteria listed above. Screening will be done in three stages, 
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sifting first by title, then by abstract, and finally by full text, excluding at each step studies which 

do not satisfy the inclusion/exclusion criteria.   

 

5.7 Data extraction strategy 

Data will be extracted by one researcher using a standardised data extraction form. Any studies 

which give rise to uncertainty will be reviewed by a second researcher, and any disagreements 

will be resolved by discussion, with involvement of a third researcher where necessary.  

 

5.8 Quality assessment strategy 

The nature of the quality assessment which will be undertaken will depend on the types of 

studies identified, but will be undertaken using appropriate and established tools (eg the 

QUADAS checklist for studies of diagnostic accuracy11). 

 

5.9 Methods of analysis/synthesis 

Data will be tabulated and discussed in a narrative review. Where appropriate, meta-analysis 

will be employed to provide pooled estimates of test accuracy, and of patient outcomes. 

 

5.10 Methods for estimating quality of life 

In order to reflect the chronic nature of the disease, the time horizon of the analysis will be a 

patient’s lifetime. The perspective will be that of the National Health Services and Personal 

Social Services. Both cost and QALY will be discounted at 3.5% as recommended by NICE. 

  

6. Report methods for synthesising evidence of cost effectiveness 

A systematic review of the existing literature studying the cost effectiveness of non-invasive 

diagnostic assessment tools for the detection of liver fibrosis will be undertaken.  

 

6.1 Identifying and systematically reviewing published cost effectiveness studies 

Studies relating to cost effectiveness will be identified using an economic search filter which will 

be integrated into the search strategy detailed in Section 5.6. This economic search filter is 

presented in Appendix 1.  

 

6.2 Evaluation of costs and cost effectiveness 

The quality of identified economic literature will be assessed using a combination of key 

components of the British Medical Journal checklist for economic evaluations12 together with 

the Eddy checklist on mathematical models13 (see Appendix 2).  

 

6.3 Development of a health economic model 

A de novo economic evaluation of the cost effectiveness of the use of each of the four 

interventions will be conducted. A model will be developed to identify whether the routine 

testing of all patients with one (or if resources allow multiple) non-invasive diagnostic test(s) 
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who are suspected of having alcohol-related liver disease and who would be referred for a liver 

biopsy is a cost effective use of resources. 

 

The primary outcome from the model will be an estimate of the incremental cost per additional 

quality-adjusted life year (QALY) gained associated with the use of non-invasive diagnostic 

tests in the assessment of alcohol-related liver disease. A lifetime time horizon will be used in 

order to reflect the chronic effects of alcohol-related liver disease and potential mortality. The 

perspective used will be that of the UK National Health Service and Personal Social Services. 

Costs and QALYs will be discounted at 3.5% as recommended in the NICE reference case.14 

Modelling assumptions will be taken from the literature, supplemented by clinical expert opinion 

where required. 

 

The development of the model is likely to be an iterative process. A conceptual model will be 

developed in conjunction with clinical experts to capture the current pathway of care for patients 

with suspected alcohol liver disease, and furthermore, how this pathway would change should 

non-invasive diagnostic tests become available for routine use. The conceptual model will 

indicate the data requirements which will be sought both from the published literature and within 

commercial in confidence data held by the manufacturers. The model is likely to evolve 

following discussions with project stakeholders and the Diagnostics Advisory Committee, and 

according to the availability of data. 

 

Ideally, health related quality of life evidence will be available directly from the review literature. 

In the absence of such evidence, the mathematical model may use indirect evidence on quality 

of life from alternative sources. Quality of life data will be reviewed and used to generate the 

quality adjustment weights required for the model. In addition to the reviewed literature, national 

sources (e.g. NHS reference costs, national unit costs,15 British National Formulary) will be 

used to estimate resource use and costs for use in the economic model.  

 

It is anticipated that there may be limited evidence for some of the parameters that will be 

included in the economic model. Therefore, the uncertainty around the parameter estimates will 

be modelled to take this into account. The uncertainty in the input parameters will be 

propagated through the model using PSA to characterise uncertainty in the outputs.  Results 

will include the presentation of a cost effectiveness acceptability curve and the reporting of the 

expected value of perfect information.16 If resources allow, the cost effectiveness of collecting 

further information will be explicitly explored using Expected Value of Partial Perfect 

Information17 or the Expected Value of Sample Information techniques18 which the team have 

experience of undertaking.19,20 
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7. Handling information from the companies 

All data submitted by the manufacturers/sponsors will be considered if received by the 

Assessment Team in a timely manner. Data arriving after this date will not be considered. Data 

which meet the inclusion criteria for the review will be extracted and quality assessed in 

accordance with the procedures outlined in this protocol.  

 

Any ‘commercial in confidence’ data taken from a company submission will be underlined in the 

assessment report (followed by an indication of the relevant company name e.g. in brackets) 

presented to the Diagnostics Advisory Committee only. In the version of the report released to 

manufacturers and other stakeholders, commercial in confidence data will be blacked out, thus 

ensuring confidentiality. 

 
8. Competing interests of authors 

None. 

 

9. Timetable/milestones 

The dates in this section are dependent on NICE’s agreement to hold three Committee 

meetings (in May, September and November 2010) to discuss the pilot topic.   

 

Milestone Date to be completed 

Draft protocol 11 December 2009 

Final protocol 22 December 2009 

Progress report Weekly meetings 

Draft assessment report to NICE for Committee 

consideration 

7th May 2010 

Presentation of draft assessment report, including 

model, to Diagnostics Advisory Committee (1st meeting) 

28th May 2010 

Final assessment report to NICE for circulation to 

stakeholders 

10 weeks before 2nd Committee 

meeting (i.e. early – mid July 2010) 

Stakeholder comments to NICE July – August 2010 

2nd Diagnostics Advisory Committee meeting Late September 2010 

3rd Diagnostics Advisory  Committee meeting Late November 2010 (8 weeks after 

2nd Committee meeting) 
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10. Appendices  

 

Appendix 1: Draft Medline search strategy and economic search filter 

 
OVID Medline or Medline in Process 
 
1. (enhanced adj liver adj fibrosis).tw. 
2. (elf adj test$).tw. 
3. (elf and diagnos$).tw. 
4. (elf and (fibros*s or cirrhos*s).tw. 
5. elf.tw. 
6. exp liver cirrhosis/ or exp liver diseases, alcoholic/ 
7. 5 and 6 
8. 1 or 2 or 3 or 4 or 7 
9. fibrotest.tw. 
10. fibrosure.tw. 
11. fibromax.tw. 
12. ashtest.tw. 
13. fibroscan.tw. 
14. (transient adj elastograph$).tw. 
15. (elastograph$ and liver).tw. 
16. or/9 to 15 
17. exp liver cirrhosis/ or exp liver diseases, alcoholic/ 
18. (fibros*s or cirrhos*s).tw. 
19. 17 or 18 
20. Biological Markers/ 
21. biomarker$.tw. 
22. (marker$ and (biologic$ or biochemical or serum or direct or indirect)).tw. 
23. Algorithms/ 
24. algorithm$.tw. 
25. (composite and blood).tw. 
26. or/20-25 
27. 19 and 26 
28. Hyaluronic Acid/ 
29. ((hyaluronic adj acid) or (hyalauronate or hyaluronan).tw. 
30. 28 or 29 
31. ((procollagen or piiinp or p3np or ppcp)).tw. 
32. ((tissue and inhibitor and metalloproteinase$) or timps).tw. 
33. 30 and 31 and 32 
34. 30 or 31 or 32 
35. 34 and 19 
36. Alpha-Macroglobulins/ 
37. ((alpha and macroglobulin$) or (alpha adj 2m)).tw. 
38. or/36-37 
39. ((apolipoprotein$ adj a1) or apoa1).tw. 
40. Haptoglobins/ 
41. haptoglobin$.tw. 
42. 40 or 41 
43. (bilirubin$ or hematoidin$).tw. 
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44. (gamma adj glutamyl adj transpeptidase$).tw. 
45. (gamma adj glutamyltransferase$).tw. 
46. ((gamma adj gt) or ggt or ggtp).tw.  
47. or/44-46 
48. 38 and 39 and 42 and 43 and 47 
49. 38 or 39 or 42 or 43 or 47 
50. 49 and 19 
51. ((alanine adj aminotransferase$) or aminotransaminase$).tw. 
52. (serum adj glutamic adj pyruvic adj transaminase).tw. 
53. sgpt.tw 
54. or/51-53 
55. (aspartate adj (aminotransferase$ or aminotransaminase$)).tw. 
56. (serum adj glutamic adj oxaloacetic adj transaminase$).tw. 
57. sgot.tw 
58. or/55-57 
59. 38 and 39 and 42 and 43 and 47 and 54 and 58 
60. 38 or 39 or 42 or 43 or 47 or 54 or 58 
61. 60 and 19 
62. exp "Sensitivity and Specificity"/ 
63. sensitivity.tw. 
64. specificity.tw. 
65. ((pre-test or pretest) adj probability).tw. 
66. post-test probability.tw. 
67. predictive value$.tw. 
68. likelihood ratio$.tw. 
69. or/62-68 
70. 27 and 69 
71. 35 and 69 
72. 50 and 69 
73. 61 and 69 
74. or/70-73 
75. iqur.tw. 
76. biopredictive.tw. 
77. echosens.tw. 
78. or/75-77 
79. 8 or 16 or 33 or 48 or 74 or 78 

Econometric search filter (OVID Medline) to follow from the above searches 

1. exp "costs and cost analysis"/  
2. economics/  
3. exp economics, hospital/  
4. exp economics, medical/  
5. economics, nursing/  
6. exp models, economic/ 
7. economics, pharmaceutical/  
8. exp "fees and charges"/  
9. exp budgets/  
10. budget$.tw  
11. ec.fs 
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12. cost$.ti  
13. (cost$ adj2 (effective$ or utilit$ or benefit$ or minimi$)).ab  
14. (economic$ or pharmacoeconomic$ or pharmaco-economic$).ti  
15. (price$ or pricing$).tw  
16. (financial or finance or finances or financed).tw  
17. (fee or fees).tw  
18. (value adj2 (money or monetary)).tw  
19. quality-adjusted life years/ 
20. (qaly or qalys).af. 
21. (quality adjusted life year or quality adjusted life years).af. 
22. or/1-21 
23. 22 and 79 (above). 
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Appendix 2: Critical appraisal checklist for economic evaluations using key 

components of the British Medical Journal checklist for economic 

evaluations21 together with the Eddy checklist on mathematical models 

employed in technology assessments13  

 

Reference ID  
Title  
Authors  
Year  
Modelling assessments should include: Yes/No 
1 A statement of the problem;  
2 A discussion of the need for modelling vs. alternative 

methodologies 
 

3 A description of the relevant factors and outcomes;  
4 A description of the model including reasons for this type 

of model and a specification of the scope including; time 
frame, perspective, comparators and setting. Note: 
n=number of health states within sub-model 

 

5 A description of data sources (including subjective 
estimates), with a description of the strengths and 
weaknesses of each source, with reference to a specific 
classification or hierarchy of evidence;  

 

6 A list of assumptions pertaining to: the structure of the 
model (e.g. factors included, relationships, and 
distributions) and the data; 

 

7 A list of parameter values that will be used for a base case 
analysis, and a list of the ranges in those values that 
represent appropriate confidence limits and that will be 
used in a sensitivity analysis; 

 

8 The results derived from applying the model for the base 
case; 

 

9 The results of the sensitivity analyses; 
unidimensional; best/worst case; multidimensional (Monte 
Carlo/parametric); threshold. 

 

10 A discussion of how the modelling assumptions might 
affect the results, indicating both the direction of the bias 
and the approximate magnitude of the effect; 

 

11 A description of the validation undertaken including;  
concurrence of experts; 
internal consistency; 
external consistency; 
predictive validity.  

 

12 A description of the settings to which the results of the 
analysis can be applied and a list of factors that could limit 
the applicability of the results;  

 

13 A description of research in progress that could yield new 
data that could alter the results of the analysis 
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